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On February 1, 2007, the Examiner made a Final rejection to pending Claims 39-47 and 
49-52 and 55-58. A response and Notice of Appeal were filed on July 25, 2007. An Appeal 
Brief was subsequently filed on November 21 , 2007. 

In an Office Action mailed April 8, 2008, the Examiner withdrew the finality of the 
previous office action and declared prosecution reopened. As the pending claims had been twice 
rejected, Applicants filed a further Notice of Appeal on September 8, 2008. 

Appellants hereby appeal to the Board of Patent Appeals and Interferences from the last 
decision of the Examiner. This Brief is timely filed requesting a two-month extension of time 
with fees. 

A supplemental amendment and response to final office action is concurrently filed with 
the present brief. 

The following constitutes Appellants 1 Brief on Appeal. 
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1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Patent Application Serial No. 09/665,350 recorded 
July 9, 2001, at Reel 01 1964 and Frame 0181. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PR0335. M There exists two related patent applications: 1) U.S. Patent Application 
Serial No. 09/903, 520, filed July 1 1, 2001 (containing claims directed to PR0335 polypeptides), 
and 2) U.S. Patent Application Serial No. 09/904,786, filed July 12, 2001 (containing claims 
directed to PR0335 antibodies). These applications are also under final rejection from the same 
Examiner and based upon the same type of outstanding rejections, and an appeal of these final 
rejections is being pursued independently and concurrently herewith. 

3. STATUS OF CLAIMS 

Claims 1-38, 48 and 53-54 were canceled without prejudice or disclaimer. 
Claims 39-47, 49-52 and 55-58 stand rejected in this application and Appellants appeal 
the rejection of these claims. 

4. STATUS OF AMENDMENTS 

Claims 39-43 have been amended in a supplemental amendment/response to the Office 
Action of April 8, 2008 filed concurrently with the present appeal. A copy of the rejected claims 
in the present Appeal is provided in the Claims Appendix, incorporating the amendment. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to isolated polynucleotides 

comprising a nucleic acid sequence encoding the polypeptide of SEQ ID NO:290 referred to in 

the present application as "PR0335," a nucleic acid sequence encoding the polypeptide of SEQ 

ID NO:290, or a nucleic acid sequence encoding the polypeptide of SEQ ID NO:290 lacking its 

associated signal peptide; or the full-length coding sequence of the nucleic acid sequence of SEQ 

ID NO:289; or a nucleic acid sequence of the full-length coding sequence of the cDNA deposited 
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under ATCC accession number 209927 (Independent Claim 44, and claims 45-47 and 49). The 
cDNA nucleic acid encoding PR0335 is described in the specification at, for example, page 184, 
line 21 to page 185, line 32 (Example 43), in Figure 101 and in SEQ ID NO:289. Page 63, lines 
34-37 of the specification provides the description for Figures 101 and 102. 

The invention is further directed to nucleic acids having at least 80-99% sequence 
identity to nucleic acids encoding polypeptides of SEQ ID NO:290; or the nucleic acid sequence 
encoding the polypeptide-of SEQ ID NO:290 lacking its associated signal peptide; or the full- 
length coding sequence of the nucleic acid sequence of SEQ ID NO:289; or the nucleic acid 
sequence of the cDNA deposited under ATCC accession number 209927, wherein the 
polypeptide encoded by said nucleic acid is an immunostimulant. PRO nucleic acid variants 
(Independent Claims 39-43) having at least about 80-99% nucleic acid sequence identity with a 
nucleic acid encoding for a full length PRO polypeptide sequence or a PRO polypeptide 
sequence lacking the signal peptide are described in the specification at page 55, line 2 to page 
57, line 10, and for example, at page 69, line 25 to page 72, line 8. 

The invention is further directed to vectors comprising these nucleic acids and host cells 
comprising such vectors (page 1 17 to page 123). The full-length PR0335 polypeptide having 
the amino acid sequence of SEQ ID NO:290 is described in the specification at, for example, 
page 50-51, lines 1-22, in Figure 102 and in SEQ ID NO:290. Hybridization probes 
(Independent Claim 52 and its dependents) and stringent hybridization conditions under which 
the nucleic acid sequences described above hybridize are described in the specification at, for 
example, pages 73, line 34 onwards to page 74. 

Recombinant expression, characteristics and effects of the PR0335 polypeptides were 
disclosed in the specification, including in Examples 43, 54, 56, 74, and 77. The PR0335 
polypeptides encoded by the claimed nucleic acids were shown to induce proliferation of 
stimulated T-lymphocytes in a mixed lymphocyte reaction as compared to controls (Example 
74). PR0335 is also described as a polypeptide having homology to proteins of the leucine rich 
repeat superfamily, and particularly, are related to LIG-1 (page 30, line 1 1, to page 31, line 18, 
and page 1 10, lines 26-36). Example 74 (page 208) shows that PR0335 tested positive in the 
mixed lymphocyte reaction (MLR) assay, demonstrating that PR0335 is active as a stimulator of 

-3- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/909,088 
Attorney's Docket No. GNE-1618 P2C79 



the proliferation of stimulated T-lymphocytes, and therefore would have utility in the treatment 
of conditions where the enhancement of an immune response would be beneficial. In addition, 
Example 77 shows the ability of PR0335 to stimulate an immune response and induce 
inflammation at the site of injection in the skin vascular permeability assay, using the hairless 
guinea pig injected with the Evans blue dye as a model system. 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

I. Whether the data generated in the MLR assay (Example 74) satisfies the 
Enablement requirement set forth in 35 U.S.C. § 1 12, first paragraph, for the invention claimed in 
Claims 39-47, 49-52 and 55-58. 

II. Whether the data generated in the MLR assay (Example 74) satisfies the Written 
Description requirement set forth in 35 U.S.C. § 1 12, first paragraph, for the invention claimed in 
Claims 39-43, 52 and 55-58. 

7. ARGUMENT 

Summary of the Arguments: 
Issue I: Enablement 

Appellants submit that patentable utility for the PR0335 polypeptide is based upon data 
derived from the mixed leukocyte reaction (MLR) assay. The MLR assay is a well-established 
and accepted assay in the art for evaluating test compounds for their ability to stimulate T- 
lymphocyte proliferation in vitro. Example 74 of the instant specification shows that PR0335 
tested positive in the mixed lymphocyte reaction (MLR) assay, demonstrating that PR0335 is 
active as a stimulator of the proliferation of stimulated T-lymphocytes, and therefore has utility 
in the treatment of conditions where the enhancement of an immune response would be 
beneficial, like to treat tumor progression/ regression in cancer. In fact, the Examiner has now 
acknowledged that the MLR assay is an art accepted assay for identifying immunomodulatory 
compounds at least on page 3 and on page 11, paragraph 1 of the Final Office Action mailed 
February 1, 2007 and page 2 of the Office Action mailed April 8, 2008. 
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The Examiner's primary point to this rejection is that allegedly "the ability of the claimed 
PR0335 to stimulate or inhibit lymphocyte proliferation in the MLR assay does not provide for 
what specific conditions or for which specific diseases the claimed invention would predictably 
function for a therapeutic suppression of the immune system. The assertion that the claimed 
invention could be useful for the treatment of conditions where the enhancement of the immune 
response would be beneficial is not enabled by the disclosure of the instant specification." (page 
3 of the Office action mailed April 8, 2008). For support, the Examiner quotes Kahan et al, 
Piccotti et al. 9 and Campo et aL, and concludes that "while the art recognizes the MLR assay as 
accepted for screening for immunosuppressive molecules in vitro... this biological activity does 
not correlate to use of the claimed protein in a therapeutically effective manner, as the asserted 
use of the claimed invention proposes." (Page 4 of the Office Action mailed April 8, 2008). 

Claims 39-47, 49-52 and 55-58 are directed to nucleic acids that encode the polypeptide 
of SEQ ID NO:290 where the polypeptide has a specific and useful function (i.e. as 
"immunostimulants" useful for boosting the immune system of an animal. Appellants submit 
that, the instant specification, at least in Example 74, page 208, line 27, and the disclosure of the 
Fong declaration (submitted with Appellants' response of August 30, 2004), describe the mixed 
lymphocyte reaction (MLR) assay, which the Examiner has acknowledged as sufficient to 
establish patentable utility under 35 U.S.C. §101 for the nucleic acids encoding the PR0335 
polypeptide. The positive result for PR0335 in the MLR assay demonstrates that PR0335 is 
active as a stimulator of the proliferation of stimulated T-lymphocytes. 

The MLR assay of the instant application is well-described in standard textbooks, 
including, for example, Current Protocols in Immunology, unit 3.12; edited by J.E. Coligan, 
A.M. Kruisbeek, D.H. Marglies, E.M. Shevach, W. Strober, National Institutes of Health, 
Published by John Wiley & Sons, Inc. (of record), which is referenced in Example 74. In further 
support of enablement based upon the MLR assay, the Declaration of Sherman Fong, Ph.D. 
emphasizes that immunostimulants are important and highly desirable in the treatment of cancer 
and in enhancing the effectiveness of previously identified treatments for cancer. Costimulation 
of T cells can induce tumor regression and an antitumor response, both in vitro and in vivo . In 
paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical applications for 
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immune stimulants which have been shown to stimulate T-cell proliferation in the MLR assay. 
Therefore, based on disclosures in the patent application coupled with information known in the 
art, one skilled in the art would know that agonistic immunostimulating polypeptides or 
antibodies are useful in treating, for instance, neoplastic tumors, or antagonistic antibodies - 
immunosuppressors, are useful for instance, in treating diseases like autoimmune or graft vs. host 
disease). 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present specification provides ample guidance to allow the 
skilled artisan to make and use those variant nucleic acids that encode for PR0335 polypeptides 
that are useful in the treatment of conditions like viral infections or cancer, and further, one 
skilled in the art would know how to use these nucleic acids without any undue experimentation. 

Issue II: Written Description 

Regarding the written description rejection, Appellants note that the specification 
provides ample guidance to allow the skilled artisan to identify those nucleic acids with 80-99% 
identity to the nucleic acid defined in SEQ ID NO.: 289. Further, the Appellants have provided a 
well-accepted in vitro MLR assay can and has been successfully used to identify compounds 
having immunomodulatory activity in vivo (Example 74). Moreover, the instant invention 
evidences the actual reduction to practice of full-length nucleic acid encoding PR0335 of SEQ 
ID NO:289, with or without its signal sequence, or encoded by the full-length coding sequence 
of the cDNA deposited under ATCC accession number 209927. 

Appellants further submit that the instant claims are similar to the exemplary claim in 
Example 10 of the revised Training Manual on Written Description Guidelines issued by the 
U.S. Patent Office. Appellants respectfully submit that the instant specification evidences the 
actual reduction to practice of the nucleic acid defined in SEQ ID NO.: 289. Thus, the genus of 
nucleic acids with at least 80% sequence identity to SEQ ID NO.: 289, would meet the 
requirement of 35 U.S.C. §112, first paragraph, as providing adequate written description. 

These arguments are all discussed in further detail below under the appropriate headings. 
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Detailed Arguments: 

ISSUE I: The Data Generated in the MLR Assay Satisfies the Enablement Requirement of 
35 U.S.C. §112, First Paragraph for Claims 39-47, 49-52 and 55-58 

Applicants maintain the position that that Claims 39-47,49-52 and 55-58 satisfy the 
enablement requirement under 35 U.S.C. §112, first paragraph, for the reasons previously set 
forth in the Applicants' Responses dated May 17, 2005, November 3, 2006 and July 25, 2007 and 
Appeal Briefs dated March 10, 2006 and November 27, 2007. 

Claims 39-47,49-52 and 55-58 are directed to a genus of nucleic acid sequences which 
are at least 80-99% identical to the: nucleic acid encoding the polypeptide of SEQ ID NO:290 or 
the nucleic acid of SEQ ID NO:289 and which have a specific and useful function (i.e. to the 
nucleic acids that encode for a genus of polypeptides that are "immunostimulants" useful for 
boosting the immune system of an animal). 

A. Legal Standard for Enablement 

According to 35 U.S.C. §112, first paragraph: 

The specification shall contain a written description of the invention, and 
of the manner and process of making and using it, in such full, clear, concise, and 
exact terms as to enable any person skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and use the same, and shall set forth 
the best mode contemplated by the inventor of carrying out his invention. 

The test of enablement is whether one skilled in the art could make and use the claimed 
invention from the disclosure provided by applicants coupled with information known in the art 
at the time the invention was made, without undue experimentation 1)2 . Accordingly, the test for 
enablement is not whether any experimentation is necessary, but whether, if experimentation is 



'MPEP §2164.0120. 

2 United States v. Telectronics, Inc. 857.F.2d 778,785,8 USPQ2d 1217, 1223 (Fed. Cir. 

1998)). 
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required, it is undue 3 . The mere fact that an extended period of experimentation is necessary does 
not make such experimentation undue 4,5 . 

A finding of lack of enablement and a determination that undue experimentation is 
necessary requires an analysis of a variety of factors (i.e., the In re Wands factors). The most 
important factors that must be considered in this case include 1) the nature of the invention; 2) 
the level of one of ordinary skill in the art; 3) guidance provided in the specification, 4) the state 
of the prior art, and 8) the breadth of the claims. 

"How a teaching is set forth, by specific example or broad terminology, is not important" 
6,7 "Limitations and examples in the specification do not generally limit what is covered by the 
claims" MPEP § 2164.08. The test is not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine, or if the specification in question provides 
a reasonable amount of guidance with respect to the direction in which the experimentation 
should proceed. It is well settled that patent applicants are not required to disclose every species 
encompassed by their claims, even in an unpredictable art. The legal standard merely requires 
that there must be sufficient disclosure, either.through illustrative examples or terminology, to 
teach those of ordinary skill how to make and use the invention as broadly as it is claimed 8 . 

The M.P.E.P. further states, "The fact that experimentation may be complex does not 
necessarily make it undue, if the art typically engages in such experimentation. In re Certain 
Limited-charge cell Culture Microcarriers, 221 USPQ 1165, 1174 (Int'l Trade Comm'n 1983), 
off. sub nom., Massachusetts Institute of Technology v A. B. Fortia, 11 A F.2d 1 104, 227 USPQ 

3 In re Angstadt, 537 F.2d 498,504, 190 USPQ 214, 219 (CCPA 1976). 

4 In re Colianni, 561 F.2d 220,224, 195 USPQ 150, 153 (CCPA 1977). 

5 MPEP §2164.06. 

6 MPEP §2164.08. 

"In re Marzocchi, 439 F. 2d 220,223-4, 169 USPQ 367, 370 (CCPA 1971). 

8 Enzo Biochem., Inc. v. Calgene, Inc., 188 F.3d 1372 (Fed. Cir. 1999) (quoting In re 
Vaeck, 947 F.2d 488,496 (Fed. Cir. 1991)). 
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428 (Fed. Cir. 1985) M.P.E.P. §2164.01. A considerable amount of experimentation is 
permissible, if it is merely routine. 

B. Proper Application of the Legal Standard 

Initially, Applicants submit that, both, the instant specification (in Example 74) and the 
Fong declaration (in previously submitted Exhibit A of the declaration) clearly refer to and 
incorporate by reference contents of the book "Current Protocols in Immunology, unit 3.12; 
edited by JE Coligan, AM Kruisbeek, DR Margulies, EM Shevach, W Stober, National Institutes 
of Health, Published by John Wiley & Sons, Inc. (1991) (referred to henceforth as "Current 
protocols"). "Current protocols" provides the detailed basic protocol, for instance, at least in 
Unit 3.12.6 entitled "T cell proliferation in mixed lymphocyte cultures" and further provides 
various other protocols for measuring T lymphocyte activation. It also provides methods for 
preparing cells and materials useful in the T lymphocyte activation assays and teaches that an 
MLR reaction can be monitored qualitatively, for example, by following the incorporation of 
tritiated thymidine during DNA synthesis, or, by observing blast formation, or by other methods 
well known in the art. Applicants submit that this information was readily available at the time 
of filing of the application, since the "Current protocols" reference was disclosed and 
incorporated by reference in its entirety at the time of filing. 

Further, Applicants have provided native PRO sequence SEQ ID NO: 290. The 
specification also describes methods for the determination of percent identity between two amino 
acid sequences. In fact, the specification teaches specific parameters to be associated with the 
term "percent identity 11 as applied to the present invention. Accordingly, one of skill in the art 
could identify whether the variant PR0335 native sequence falls within the parameters of the 
claimed invention. Once such an amino acid sequence was identified, the specifications sets 
forth methods for making the amino acid sequences and methods of preparing the PRO 
polypeptides. Accordingly, one skilled in the art given the disclosure in the specification would 
be able to make the claimed amino acid sequence. Furthermore, one of ordinary skill in the art 
has a sufficiently high level of technical competence to identify sequences with at least 80% 
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identity to SEQ ID NO: 290. Accordingly, one of ordinary skill could make the claimed 
invention without undue experimentation. 

The Examiner's primary point to this rejection is that allegedly "the ability of the claimed 
PR0335 to stimulate or inhibit lymphocyte proliferation in the MLR assay does not provide for 
what specific conditions or for which specific diseases the claimed invention would predictably 
function for a therapeutic suppression of the immune system. The assertion that the claimed 
invention could be useful for the treatment of conditions where the enhancement of the immune 
response would be beneficial is not enabled by the disclosure of the instant specification." (page 
3 of the Office action mailed April 8, 2008). For support, the Examiner quotes Kahan et al, 
Piccotti et al., and Campo et al, and concludes that "while the art recognizes the MLR assay as 
accepted for screening for immunosuppressive molecules in vitro... this biological activity does 
not correlate to use of the claimed protein in a therapeutically effective manner, as the asserted 
use of the claimed invention proposes." (Page 4 of the Office Action mailed April 8, 2008). 

Claims 39-47,49-52 and 55-58 are directed to antibodies to the polypeptide of SEQ ID 
NO:290 where the polypeptide has a specific and useful function (i.e. as "immunostimulants" 
useful for boosting the immune system of an animal. Applicants submit that, the instant 
specification, at least in Example 74, page 208, line 27, and the disclosure of the Fong 
declaration (submitted with Applicants' response of August 30, 2004), describe the mixed 
lymphocyte reaction (MLR) assay, which the Examiner has acknowledged as sufficient to 
establish patentable utility under 35 U.S.C. §101 for the nucleic acids encoding the PR0335 
polypeptide. The positive result for PR0335 in the MLR assay demonstrates that PR0335 is 
active as a stimulator of the proliferation of stimulated T-lymphocytes. Therefore, based on 
disclosures in the patent application coupled withjnformation known in the art, one skilled in the 
art would know that agonistic immunostimulating polypeptides and/or antibodies are useful in 
treating, for instance, neoplastic tumors, or antagonistic antibodies -immunosuppressors, are 
useful for instance, in treating diseases like autoimmune or graft vs. host disease). 

The MLR assay of the instant application is well-described in standard textbooks, 
including, for example, Current Protocols in Immunology, unit 3.12; edited by J.E. Coligan, 
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A.M. Kruisbeek, D.H. Marglies, E.M. Shevach, W. Strober, National Institutes of Health, 

Published by John Wiley & Sons, Inc. (of record), which is referenced in Example 74. 

In further support of utility based upon the MLR assay, Applicants have submitted (with 

their Response filed August 30, 2004) the Declaration of Sherman Fong, Ph.D. As Dr. Fong 

emphasizes, immunostimulants are important and highly desirable in the treatment of cancer and 

in enhancing the effectiveness of previously identified treatments for cancer. Costimulation of T 

cells can induce tumor regression and an antitumor response, both in vitro and in vivo . In 

paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical applications for 

immune stimulants which have been shown to stimulate T-cell proliferation in the MLR assay. 

As Dr. Fong explains, 

IL-12 is a known immune stimulant, which has been shown to stimulate T-cell 
proliferation in the MLR assay. IL-12 was first identified in just such an MLR 
[Gubler et al. PNAS 88 , 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers from the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immune stimulatory activity of IL-12, for the treatment of melanoma. [Peterson 
et al. Journal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)] 

Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present application, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant." 

Therefore, one skilled in the art would know that immunostimulating compounds like IL- 
12 or PR0335 of this invention, could be used in immunoadjuvant therapy (with tumor-specific 
antibodies) for the treatment of tumors (cancer) and could be administered alone or together with 
other agents to stimulate T cell proliferation/ activation (immune function). Accordingly, the 
positive results obtained in this assay clearly establish the immunostimulant utility for the 
PR0335 polypeptides and its encoding nucleic acids claimed in the present application, and the 
specification, in turn, enables one skilled in the art to use the compounds for the asserted 
purpose. 
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Applicants further submit that the MLR assay was routinely used in the art to identify 
immunostimulants or immunosuppressors, and additionally, were found to have in vivo utility, in 
the treatment of various diseases and conditions. Applicants incorporate by reference the articles 
and arguments presented in the Response filed November 3, 2006 (see Santoli et al, J. Immunol. 
137:400-407 (1986); U.S. Patent Application No. 4,950,647, Reddy et al (Infect. Immun. 
44:339-343 (1984); Pahwa et al (Proc. Natl. Acad. Sci. USA 86:5069-5073 (1989); Kirchner et 
al (Br. J. Clin. Pharmacol. 46:5-10 (1998); Grabstein, K.H. et al, Science 264:965-968 (1994); 
Chapoval et al (J. Immunol. 161:6977-6984 (1998); Kasaian, M.T. etal, Immunity 16:559-569 
(2002); Ma et al (J. Immunol. 171:608-615 (2003); Naito, K. et al, J. Immunol. 142:1834-1839 
(1989); Tarr, P.E, Med. Oncol. 13:133-140 (1996); Gennari et al (Annals of Surgery, 220:68-76 
(1994); Patterson, S. et al, J. Immunol. 175:5087-5094 (2005); TouraeM/. (J. Immunol. 
163:2387-2391 (1999); Tsavaris et al, Br. J. Cancer 87:21-27 (2002); Amirghofran, Z. et al, Irn. 
J. Med. Sci. 25:1 19-124, (2000); Abolhassani, M., Brazilian Journal of Infectious Diseases 
8:382-385, (2004); U.S. Patent No. 5,817,306, filed June 7, 1995; U.S. Patent No. 5,801,193, 
filed April 15, 1997; U.S. Patent No. 5,958,403, filed July 11, 1994 ; and U.S. Patent No. 
5,648,376, filed January 19, 1995. 

Applicants further note that a positive result as a stimulator in the MLR assay is also 
characteristic of molecules which have known in vivo utilities in the treatment of disorders for 
which stimulation of an immune response is desirable. For example, as discussed above IL-12 is 
a known immune stimulant, which has been shown to stimulate T-cell proliferation in the MLR 
assay (Gubler et al, PNAS 88:4143 (1991) (submitted as Exhibit C in Applicants' Response 
filed August 30, 2004). In a recent cancer vaccine trial, researchers from the University of 
Chicago and Genetics Institute (Cambridge, MA) have demonstrated the efficacy of an approach 
relying on the immune stimulatory activity of IL-12 for the treatment of melanoma. Peterson et 
al, J. Clin. Oncol. 21 :2342-2348 (2003) (submitted as Exhibit D in Applicants' Response filed 
August 30, 2004). 

Thus, the art as a whole, at the time of filing of the application, clearly establishes that the 
mixed lymphocyte reaction (MLR) is a widely used in vitro assay for identifying 
immunomostimulatory compounds and that the positive result as a stimulator in the MLR assay 
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is widely accepted as a valid indication of therapeutic use in the treatment of disease conditions, 
including irradication of tumors. Applicants note that Dr. Fong's conclusions are consistent with 
what is accepted in the art. Accordingly, one skilled in the art would know how to use the 
compounds for the asserted purpose. Therefore, based on the art's teachings about the 
immunostimulatory activity of molecules, as a result of a positive MLR assay, would provide 
sufficient correlation to one skilled in the art, such that they would use the identified compounds 
in the treatment of disorders for which stimulation of the immune system is beneficial, such as 
viral or bacterial infections, immune deficiencies, or tumor/cancer treatments. 

The Examiner asserts that "the conclusions reached by Eung-Leung et al are based on 
much more experimental data, assays and testing than that provided in the instant specification 
and the reference does not support the position that the MLR assay in the instant specification is 
predictive of use as a therapeutic compound for suppressing the immune response.. " (Page 6 of 
the Office Action mailed April 8, 2008). 

Applicants submit that Applicants need not disclose every teaching found in the post- 
filing references. Indeed, the present specification teaches enabling disclosure for the claimed 
invention and the post-filing references merely confirm the feasibility of the present invention as 
disclosed in the specification. The pre- and post filing published papers submitted by Applicants 
were intended to demonstrate the MLR assay was routinely used in the art to identify 
immunostimulants or immunosuppressors, and additionally, were found to have in vivo utility, in 
the treatment of various diseases and conditions. In addition to the specific disclosure in the 
specification, general knowledge in the art at the time the invention was made also must be taken 
into account when assessing compliance with the enablement requirement of 35 U.S.C. §112, 
first paragraph. Based on the art's teachings about the immunostimulatory activity of molecules, 
a result of a positive MLR assay would provide sufficient correlation to one skilled in the art, 
such that they would use the identified compounds in the treatment of disorders for which 
stimulation of the immune system is beneficial. 

The Examiner asserts that Steinman and Thurner "address the utility of dendritic cells 
but not of a stimulatory MLR. " (Page 7 of the Office Action mailed April 8, 2008). 
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Applicants submit that, as indicated in Unit 3.12.9 of Current Protocols in Immunology, 
dendritic cells are stimulator lymphocytes that induce responder T cells and activate them to 
increase cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells, all of which are measurable in different assays. In the current MLR assay, 
suspensions of responder T cells were cultured with irradiated- or mitomycin treated- allogenic 
stimulator lymphocytes and thymidine uptake was measured to give a measure of T cell 
proliferation (see Current protocols, Unit 3.12.9). Current Protocols also teaches how stimulator 
lymphocytes (which includes dendritic cells) induce responder T cells and methods of preparing 
them. Thus, based on this disclosure, one skilled in the art would know how to use dendritic 
cells in an MLR assay and how to measure T lymphocyte stimulation using thymidine uptake. 

Regarding the rejection based on the Gubler reference, the Examiner alleges that it 
"describes the identification of IL-12 but uses MLR merely to compare activities, not as the basis 
for describing a molecule as a therapeutically useful immunostimulant. " (Page 7 of the Office 
Action mailed April 8, 2008) 

Applicants respectfully disagree. The use of the MLR assay has been extensively 
reviewed above under utility. Several peer-reviewed references and issued patents acknowledge 
its usefulness (see above, utility Section I). Applicants add that in fact, the Gubler reference 
clearly teaches the MLR assay (see the footnote of Table 1, Fig. 3(upper panel) and related 
discussions in the results section), where PHA-activated lymphoblasts prepared from human 
PBMCs were used to measure lymphoblast proliferation in a tritiated thymidine assay . This 
assay was a key assay in identifying IL-12 as an immunostimulant for T lymphocytes with 
immunoenhancing effects. Again, this is evidenced since Gubler discloses in column 1, page 
4143 that "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo" (emphasis added). Thus the Gubler reference also supports the Applicants position that 
the MLR assay is very useful in identifying immunostimulants. 
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Regarding the rejection based on the Peterson reference and the use oflL-12 as an 
immunostimulant, the Examiner says that Peterson's subsequent research "was clearly required 
to suggest that the molecule could be used in this fashion". (Page 7 of the Office Action mailed 
April 8, 2008) 

Again, Applicants respectfully disagree. Even though the Peterson's reference was 
published after the effective filing date of the instant application, it is an enabling reference, and 
its teachings are not contrary to the teachings of other references found in the art at, or before the 
time of filing of the instant application (July 18, 2001). For instance, Toura et al (J. Immunol. 
163:2387-2391 (1999); of record) disclosed that the "[i]njection of a-GalCer inhibits tumor 
metastasis almost completely in the liver or lung" (page 2387, col. 2). Toura et aL found that 
dendritic cells pulsed with a-GalCer are able to induce antitumor activity in vivo within 24 hours 
after cell transfer (page 2390, col. 2). Chapoval et al (J. Immunol. 161:6977-6984 (1998); of 
record) further studied the impact of IL-15 as an adjuvant to cancer therapy using 
cyclophosphamide (CY) in a mouse lung tumor model. GM-CSF is used in cancer 
immunotherapy to expand the population of dendritic cells before reinfusion into the patient 
(page 136, col. 2; Tarr, P.E, Med. Oncol. 13:133-140 (1996); of record). Kirchner et al (Br. J. 
Clin. Pharmacol. 46:5-10 (1998); of record) stated that "[t]he use of recombinant human 
interleukin-2 (rhIL-2) has been recommended as-the best current therapy for advanced renal cell 
carcinoma" (page 5, col. 1). Santoli et a/., J. Immunol 137:400-407 (1986); of record), and in 
U.S. Patent Application No. 4,950,647 (column 9, lines 30-36; Table III; of record). Based 
upon its immunostimulatory activity, IL-2 has been demonstrated to have a range of utilities in 
the treatment of immune deficiencies, as well as in immunotherapy for cancer. 

The Peterson reference further supports the use of the immunostimulant IL-12 in the 
treatment of a cancer, namely, melanoma. As exemplified form the list of references discussed 
above, the use of immunostimulants in the treatment of cancer was not concluded based on the 
Peterson studies alone . In fact, Gubler et al (discussed in the Fong Declaration) also indicates 
on column 1, page 4143, that "we initiated a search for novel cytokines that would synergize 
with suboptimal concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic immunoenhancing effects when administered together with 
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recombinant IL-2 in vivo" (emphasis added). Therefore, Peterson et al is in fact a supportive 
and enabling reference, indicating the use of immunostimulant molecules in the successful 
treatment of cancer. 

The Examiner cites the reference Kahan (1991) for its statement that "no in vitro assay 
predicts or correlates with in vivo immunosuppressive efficacy; there is no surrogate immune 
parameter as a basis of immunosuppressive efficacy and/or for dose extrapolation from in vitro 
systems to in vivo conditions, " (page 3 of the instant Office action). The Examiner further cites 
Piccotti et al. (1999) to show that "IL-12 enhances alloantigen-specific immune function as 
determined by MLC, but this result in vitro does not result in a measurable response in vivo " 
(page 3 of the instant Office action). The Examiner further cites Campo et al (2001) and says 
"while zinc suppresses alloreactivity in MLC, it does not decrease T-cell proliferation in vitro 
nor produce immunosupprepssive effects in vivo " (pages 3-4 of the Office Action mailed April 8, 
2008). 

Applicants respectfully disagree. Applicants submit that the Examiner has not correctly 
characterized the teachings of Kahan et al, Picotti et al. and Campo et al. On the other hand, 
these references, in combination with those cited by Applicants, demonstrate that, the art as a 
whole recognizes that the mixed lymphocyte reaction (MLR) is a widely used in vitro assay for 
identifying immunomodulatory compounds. 

For instance, the statement by Kahan et al (see above) is inconsistent with what was 
known and accepted in the art at the time of filing regarding the MLR assay. For example, U.S. 
Patent No. 5,817,306 states, "The mixed lymphocyte response (MLR) and phytohemagglutinin A 
(PHA) assays are valuable for identifying immune suppressive molecules in vitro that are useful 
for treating graft versus host disease. The results obtained from these assays are generally 
predictive of their in vivo effectiveness." (Column 12, lines 36-41; emphasis added). U.S. 
Patent No. 5,801,193, filed April 15, 1997, states that "[t]he MLR is an assay recognized by 
those skilled in the art as an in vitro predictor of in vivo immunosuppressant activity." 
(Column 8, lines 8-10, emphasis added). U.S. Patent No. 5,648,376, filed January 19, 1995, 
states that "[a] measure of immunosuppression that serves as a model for transplantation 
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rejection is inhibition of cell proliferation in a mixed lymphocyte reaction (MLR) assay." 
(Column 11, lines 24-26). Therefore, Kahan's quoted statement contradicts well established 
scientific wisdom. As discussed extensively above, in fact, the MLR assay has been extensively 
used and is the best in vitro model for screening immunostimulatory agents. In fact, the 
examiner's cited reference, Picotti et aL, also supports this point, since the authors extensively 
used the MLC assay in their studies. 

Picotti et aL studied the mechanism of alloimmune response and graft rejections. Picotti 
et al. in fact, confirms that "IL-12 is a key cytokine involved in promoting cell mediated immune 
responses in vivo" (page 1459, col. 1). Picotti et aL also showed that the IL-12R gamma subunit 
was critical for IL-12 driven enhanced alloimmune response in vitro and in vivo (see abstract). 
Based on their studies, one skilled in the art would know that immunostimulating compounds 
like IL-12 (or of this invention) could be used in immunoadjuvant therapy ( with tumor- specific 
antibodies, which is also discussed in the Fong Declaration, Petersen et al reference)for the 
treatment of tumors (cancer). One skilled in the art would know that immunostimulant 
molecules can be administered alone or together with other agents to stimulate T cell 
proliferation/ activation (immune function) ad therefore, one skilled in the art would know that 
such agents can be used to stimulate an antitumor response to a tumor antigen. If anything, 
Picotti et al, supports the point that immunostimulants are useful for treating tumors. 

Applicants respectfully point out that the Examiner has misinterpreted this statement, due 
to the fact that the authors refer to two different types of immunosuppressive effects . Campo et 
al set out to look for an inhibitor of MHC in vitro which would have the fewest side effects in 
vivo (see Abstract). The authors note that high concentrations of zinc "impair all T cell and 
monocyte function" (page 20; emphasis added). The authors took this impairment as an 
indicator of toxicity, and therefore intentionally used concentrations of zinc below that at which 
all T-cell function was impaired, in order to identify a concentration range that would not result 
in toxic effects. However, that does not mean that Campo et aL found zinc to have no 
immunosuppressive activity in vivo. In fact, the authors conclude, based upon their MLC results, 
that "zinc could become an immunosuppressant in transplantation medicine without toxic 
side effects" (page 21 ; emphasis added). Thus Campo et aL supports Applicants' position that 
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those of skill in the art would interpret the results of MLC assays as having physiological 
relevance. 

Applicants note that the Examiner has failed to point out several instances within these 
cited references wherein the authors stated that the MLR is an important method with a good 
predictive value . For example, Campo et al teach that "the human mixed lymphocyte culture 
(MLC) is an important method to test donor-recipient compatibility in bone marrow 
transplantation. It could be shown that cytokine release, especially IFN-gamma, has a very good 
predictive value with regard to the transplantation outcome, as cytokines play a major role in 
the generation of an alloreactive immune response and for the induction of graft rejection in 

vivo Landolfo et al inhibited T-cell reactivity by the addition of anti-IFN-gamma both in 

vitro and in vivo" (see page 18; emphasis added). Finally, Campo et al teaches that 
"cyclosporin A, FK506, and other substances are used to prevent graft rejection. In vitro 
experiments revealed an inhibition of the MLC" (page 16). Thus the teachings of Campo et 
al. confirm that inhibition of the MLR is observed for known immunoinhibitory molecules, that 
are in actual clinical use . 

Thus, while there are instances of unpredictability in some studies using the MLR assay, 
there are many more studies showing the usefulness and predictable results using MLR, as 
exemplified by the studies by Picotti, Landolfo and the IFN-gamma study and all the references 
submitted by the Applicants in this response. Therefore, the teachings within Kahan et al., 
Piccotti et al., Campo et al., in fact, support the usefulness of the MLR assay. 

The Examiner further asserts that u the results of the MLR assay in the instant 
specification are merely preliminary, and much more experimentation is necessary for one of 
ordinary skill in the art to use the claimed invention in the manner disclosed. " (Page 6 of the 
Office Action mailed April 8, 2008) 

Applicants respectfully submit that enablement "is not precluded even if some 
experimentation is necessary, although the amount of experimentation needed must not be 
unduly extensive." As the M.P.E.P. states, "[t]he fact that experimentation may be complex does 
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not necessarily make it undue, if the art typically engages in such experimentation." The 
M.P.E.P. further explains that "If a statement of utility in the specification contains within it a 
connotation of how to use, and/or the art recognizes that standard modes of administration are 
known and contemplated, 35 U.S.C. 1 12 is satisfied." Applicants note that the specification 
clearly indicates that the claimed polypeptides are useful in the treatment of undesirable immune 
responses. The use of immunosuppressive molecules in the treatment of such disorders is well 
known in the art, as indicated by Kahan et ah, Picotti et aL and Campo et al. 9 made of record by 
the Examiner, as well as the references and U.S. Patents, previously discussed and made of 
record by Applicants. Thus any further experimentation required for determining, for example, a 
particular dosage or method for the administration of PR0335 would not be considered undue. 

Further, with respect to disclosure of the results of in vitro assays, the M.P.E.P. states that 
"if the art is such that a particular model is recognized as correlating to a specific condition, then 
it should be accepted as correlating unless the examiner has evidence that the model does not 
correlate. Even with such evidence, the examiner must weigh the evidence for and against 
correlation and decide whether one skilled in the art would accept the model as reasonably 
correlating to the condition. In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436, 1441 (Fed. . 
Cir. 1995)" 

The M.P.E.P. also makes it clear that the burden of proof is on the Examiner, to 
demonstrate lack of correlation for an in vitro model, "(s)ince the initial burden is on the 
examiner to give reasons for the lack of enablement, the examiner must also give reasons for a 
conclusion of lack of correlation for an in vitro or in vivo animal model example." A rigorous or 
an invariable exact correlation is not required, as stated in Cross v. lizuka, wherein the court 
stated that "based upon the relevant evidence as a whole, there is a reasonable correlation 
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between the disclosed in vitro utility and an in vivo activity, and therefore a rigorous correlation 
is not necessary where the disclosure of pharmacological activity is reasonable based upon the 
probative evidence." 

As discussed above, MLR was routinely used in the art to identify immunostimulants or 
immunosuppressors, and additionally, were found to have in vivo utility, in the treatment of 
various diseases and conditions. Further, the importance of immunostimulants in the treatment 
of cancer or in enhancing the effectiveness of previously identified treatments for cancer, 
including tumor-specific antibodies were well known in the art at the time of filing of the instant 
application, as discussed in several references cited above. For instance, costimulation of T cells 
inducing tumor regression and an antitumor response, both in vitro and in vivo was known (for 
e.g., Steinman et al. -submitted as Exhibit B with the Response filed August 30, 2004). Thus, 
one skilled in the art would know that immunostimulating compounds like IL-12 or PR0335 of 
this invention, could be useful in immunoadjuvant therapies, for the treatment of tumors (cancer) 
and could be administered either alone or together with other agents to stimulate T cell 
proliferation/ activation (immune function). These could be done without undue 
experimentation. 

The Examiner asserts that "Current Protocols in Immunology in fact describes many 
variables that must be controlled for. In the instant application, no such controls, such as for 
maximum response or for the inherent variability of individual responses, are provided. There is 
no indication of statistical significance of the results. There are no autologous controls. No 
correlation is provided to any particular in vivo function; there is no guidance to indicate that 
PR0335 could be used to any therapeutic effect for the treatment of diseases such as cancer or 
HIV. " (Page 7 of the Office Action mailed April 8, 2008) 

Applicants respectfully maintain their position, as presented in the Response filed 
November 3, 2006, that the controls cited by the Examiner were only needed for the purpose of 
evaluating the properties of the stimulator cells. Such determinations, however, are not required 
for the MLR assay of Example 74, and thus these controls are not "essential". Because the 



-20- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants* Brief 
Application Serial No. 09/909,088 
Attorney's Docket No. GNE-1618 P2C79 



response in the test reaction is compared to a negative control reaction, and because both 
reactions use the same stimulator and responder cells at the same time , additional controls to 
determine the precise properties of these cells are not required. Further, the protocols described 
in the instant specification are consistent with those accepted in the art. For example, U.S. Patent 
No. 4,950,647, which demonstrated the immunoenhancing activity of the compound 6-Amino(2- 
deoxy-alpha-D-erythro-petofuranosyl)imidazo[4,5,-C] pyridine-4-one using the MLR assay, did 
not disclose the use of any additional controls beyond those disclosed in the instant application. 

With respect to the statistical significance of the results, Applicants respectfully submit 
that these remarks are a clear indication that the Examiner applies a heightened legal standard 
that is inappropriate for determining if the "enablement" standard of the Patent Statute is met. 
First of all, as evidenced in the numerous references made of record by Applicants, knowledge in 
the art at the time the invention was filed clearly demonstrate an ability to determine statistical 
significance of results generated from the MLR assay. Further, the MLR assay described herein 
is a comparative one (increases of greater than or equal to 180% is preferred), meaning that the 
utility is based upon a comparison of relative expression levels between a known polypeptide 
and an unknown PRO molecule. Useful information is obtained when a relative differences are 
observed, and this is routine in biological testing. Applicants expressly assert that the observed 
difference for PR0335 is significant (this point is further discussed below based on U.S. Patent 
No. 4,950,647). For instance, Example 74 of the specification makes clear the standard to be 
used to determine whether a positive result in the MLR assay is significant, stating that 
"[p]ositive increases over control in this assay are considered to be positive results, with 
increases of greater than or equal to 180% being preferred and that PR0335 tested positive in 
this assay. However, any value greater than control indicates a stimulatory effect for the test 
protein" (page 203, line 27). Therefore, this disclosure clearly meets the standard for statistical 
significance. The Examiner seems to focus on exactly how much higher (i.e., requiring 
Applicants to provide "relative or absolute levels" and statistical analyses), but Applicants 
submit that this is not relevant to the issue at hand, nor is it required for the claimed invention to 
be useful. 
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Applicants further submit that the term "positive increases over control" would readily be 
understood by one skilled in the art. For instance, the Examiner's attention is directed to U.S. 
Patent No. 4,950,647 (of record), which claims immunoenhancing compositions comprising the 
compound 6-Amino(2-deoxy-alpha-D-erythro-petofuranosyl)imidazo[4,5,-C] pyridine-4-one. 
The immunoenhancing activity of the claimed compound was determined in part by the use of 
the MLR assay, as shown in Example IV (column 13, lines 20-37). The claimed compound 
increased the response in the MLR, with a maximum increase of 191% as compared to control, 
as shown in Table VII. IL-2 showed a similar level of stimulation of the MLR (with a maximum 
of 200% as compared to control) as shown in Table III. Thus this patent supports the threshold 
of 180% described in the instant specification as showing significant stimulatory activity . Given 
that 6-Amino(2-deoxy-alpha-D-erythro-petofuranosyl)imidazo[4,5,-C] pyridine-4-one was 
identified as an immunostimulatory compound based upon a reported increase in the MLR assay 
of 191% as compared to control, the activity for PR0335 of greater than or equal to 1 80% as 
compared to control clearly meets the standard accepted in the art as demonstrating patentable 
utility. 

Therefore, this rejection requiring allegedly essential controls and statistical data are not 
appropriate, as relevant even from the art, and should be withdrawn. 

As set forth in M.P.E.P, 2107 11(B)(1), if the applicant has asserted that the claimed 
invention is useful for any particular practical purpose, and the assertion would be considered 
credible by a person of ordinary skill in the art, a rejection based on lack of utility should not be 
imposed. The logic underlying the asserted utilities in the present case is not inconsistent with 
general knowledge in the art, and would be considered credible by a person skilled in the art. It 
is, of course, always possible that an invention fails on its way of development to a commercial 
product. Thus, despite recent advances in rational drug design, a large percentage of drug 
candidates fails, and never makes it into a drug product. However, the USPTO is not the FDA, 
the law does not require that a product (drug or diagnostic) be currently available to the public in 
order to satisfy the utility requirement. 
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Further, the test of enablement is whether one reasonably skilled in the art could make or 
use the invention from disclosures in the patent application coupled with information known in 
the art without undue experimentation . United States v. Telectronics, Inc., 857F.2d 778, 785 
(Fed. Cir. 1988), Emphasis added. Thus, in addition to the specific disclosure in the 
specification, general knowledge in the art at the time the invention was made also must be taken 
into account when assessing compliance with the enablement requirement of 35 U.S.C. §112, 
first paragraph. The full-length PR0335 polypeptide having the amino acid sequence of SEQ ID 
NO:290 is described in the instant specification at, for example, page 50-51, lines 1-22, in Figure 
102 and in SEQ ID NO:290. Support for the preparation and uses of nucleic acids is found 
throughout the specification, including, for example pages 55-57 and 1 17-123. 

Applicants respectfully remind the Examiner that the skilled artisan in the field of 
Immunology and Immunotherapeutics, at the effective filing date of November 12, 1997, would 
likely be a person with a Ph. D. or M.D. degree, sometimes both, with extensive experience. As 
such, one skilled in the art could easily test whether the PR0335 polypeptides encoded by the 
claimed nucleic acids can enhance T-cell stimulatory activity using the MLR assay (as described 
in the Example 74 of the specification and in Current Protocols). As the M.P.E.P. states, "[t]he , 
fact that experimentation may be complex does not necessarily make it undue, if the art typically 
engages in such experimentation." M.P.E.P. §2164.01 Thus, one would have known how to 
make and use the present invention at the effective date of the application. 

In summary, in view of the foregoing arguments, the examples and specific teachings 
provided in the specification and general knowledge in the art, one skilled in the art at the 
priority date of the present application would have clearly known how to use the invention 
within the full scope of the claims pending. Accordingly, Appellants respectfully request 
reconsideration and reversal of the enablement rejection of Claims 39-47, 49-52 and 55-58 under 
35 U.S.C. §1 12, first paragraph. 

ISSUE II: The Data Generated in the MLR Assay Satisfies the Written Description 
Requirement of 35 U.S.C. § 112, First Paragraph for Claims 39-43, 52 and 55-58 
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Claims 39-43, 52 and 55-58 are rejected under 35 U.S.C. §1 12, first paragraph, allegedly 
because the specification does not describe the claimed invention in such a way as to reasonably 
convey to one skilled in the art that the inventors, at the time the application was filed, had 
possession of the claims invention. (Page 9 of the Office Action mailed April 8, 2008). 

In particular, the Examiner has taken the position that, while the specification provides 
adequate description for the nucleic acid encoding the polypeptide of SEQ ID NO:290, there is 
insufficient written description as to the identity of a nucleic acids encoding polypeptides having 
at least 80% to 99% sequence identity to SEQ ID NO:290. The Examiner has asserted that the 
nucleic acids encoding the PR0335 polypeptide as encompassed with the broad definition of 
80% to 99% identical to SEQ ID NO:290 are all required to practice the instantly claimed 
invention, and as stated in the previous office action, the specification does not provide an 
adequate written description of the broad genus having potentially highly diverse functions as 
encompassed by the phrase 80% to 99% sequence identity. 

Coupled with the general knowledge available in the art at the time of the invention, 
Appellants submit that the specification provides ample written support for the claimed 
polypeptides. Thus, based on the high percentage of sequence identity, one skilled in the art 
would have known at the time of the invention that the Appellants had possession of the claimed 
polypeptides. 

A. The Legal Test for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §112, first paragraph is "whether the disclosure of the application as 
originally filed reasonably conveys to the artisan that the inventor had possession at that time of 
the later claimed subject matter, rather than the presence or absence of literal support in the 
specification for the claim language." ' The adequacy of written description support is a 
factual issue and is to be determined on a case-by-case basis. 14 The factual determination in a 

12 In re Kaslow, 707 F.2d 1366, 1374, 212 U.S.P.Q. 1089, 1096 (Fed. Cir. 1983). 

13 See also Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q.2d at 1 1 16 (Fed. Cir. 1991). 

14 See e.g., Vas-Cath, 935 F.2d at 1563; 19 U.S.P.Q.2d at 1 1 16. 
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written description analysis depends on the nature of the invention and the amount of knowledge 
imparted to those skilled in the art by the disclosure. 15 ' 16 

In Environmental Designs, Ltd. v. Union Oil Co,} 1 , the Federal Circuit held, "Factors 
that may be considered in determining level of ordinary skill in the art include (1) the educational 
level of the inventor; (2) type of problems encountered in the art; (3) prior art solutions to those 
problems; (4) rapidity with which innovations are made; (5) sophistication of the technology; 
and (6) educational level of active workers in the field." (Emphasis added). 18 Further, The 
"hypothetical 'person having ordinary skill in the art' to which the claimed subject matter 
pertains would, of necessity have the capability of understanding the scientific and engineering 

principles applicable to the pertinent art . 1 9 - 20 

B. The Disclosure Provides Sufficient Written Description for the Claimed 
Invention 

Appellants respectfully submit that the instant specification evidences the actual 
reduction to practice of the amino acid sequence of SEQ ID NO:290. Thus, the genus of nucleic 
acids encoding polypeptides with at least 80% sequence identity to SEQ ID NO:290, would meet 
the requirement of 35 U.S.C. § 1 12, first paragraph, as providing adequate written description. 

Appellants respectfully submit that the instant claims are similar to the exemplary claim 
in Example 10 of the revised Training Manual on Written Description Guidelines issued by the 
U.S. Patent Office. 

Example 10 of the Training Manual clearly states that the protein variants meet the 
requirements of 35 U.S.C. §112, first paragraph, as providing adequate written description for 

15 Union Oil v. Atlantic Richfield Co., 208 F.2d 989, 996 (Fed. Cir. 2000). 

16 See also M.RE.P. §2163 11(A). 

17 713 F.2d 693, 696, 218 U.S.P.Q. 865, 868 (Fed. Cir. 1983), cert denied, 464 U.S. 1043 (1984). 

18 See also M.RE.P. §2141.03. 

19 Ex parte Hiyamizu, 10 U.S.P.Q.2d 1393, 1394 (Bd. Pat. App. & Inter 1988) (emphasis added). 

20 See also M.P.E.P. §2141.03. 
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the claimed invention even if the specification contemplates but does not exemplify variants of 
the protein if: (1) the procedures for making such variant proteins is routine in the art, (2) the 
specification does not describe the complete structure or physical properties of the variants, 
although those skilled in the art would expect members of the genus to have properties similar to 
those of the reference sequence because of high degree of structural similarity, and (3) the 
variant proteins of the genus possess a significant degree of partial structure (see Claim 2 of 
Example 10). 

Appellants submit that all the requirements in Example 10 are met for the variant nucleic 
acids encoding PR0335 polypeptides of the instant claims . In particular, Claims 39-43 require 
that the variant nucleic acids encoding the polypeptide of PR0335 share a high sequence identity 
to SEQ ID NO:290. In addition, the procedures of making variant nucleic acid encoding the 
polypeptide of SEQ ID NO:290 are well-known in the art and described in detail in the 
specification. The instant specification includes extensive step-by-step guidance in the 
specification on how to make and prepare nucleic acids where the endcoded polypeptides have 
80% to 99% identity to the polypeptide of SEQ ID NO: 290. For instance, the specification 
describes methods for the determination of percent identity between two sequences. In fact, the 
specification teaches specific parameters to be associated with the term "percent identity" as 
applied to the present invention. The specification further provides detailed guidance as to 
changes that may be made to a PRO polypeptide without adversely affecting its activity. This 
guidance includes a listing of exemplary and preferred substitutions for each of the twenty 
naturally occurring amino acids (Table 6). Accordingly, one of skill in the art could identify 
whether a variant PR0335 sequence falls within the parameters of the claimed invention. Once 
such a nucleic acid sequence is identified, the specification sets forth methods for making and 
preparing the PRO polypeptides. Appellants claim only those nucleic acids encoding 
polypeptides which meet the stated guidelines. 

Therefore, Appellants submit that the specification provides ample guidance such that 
one of skilled in the art would know that Appellants possessed the invention as claimed in the 
instant claims, at the time of filing of the application. Accordingly, Appellants respectfully 
request reconsideration and reversal of this outstanding rejection under 35 U.S.C. §112, first 
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paragraph. Accordingly, Appellants respectfully request reconsideration and reversal of the 
written description rejection of Claims 39-43, 52 and 55-58 under 35 U.S.C. §112, first 
paragraph. 
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CONCLUSION 

For the reasons given above, Appellants submit that the MLR assay disclosed in 
Example 74 of the specification provides at least one patentable utility for the PR0335 
polypeptides of Claims 39-47, 49-52 and 55-58. In addition, Claims 39-47, 49-52 and 55-58 
meet the requirements of 35 U.S.C. §1 12, first paragraph - enablement and written description. 
Accordingly, reversal of all the rejections of Claims 39-47, 49-52 and 55-58 is respectfully 
requested. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 50-4634 (referencing Attorney's Docket 
No. 123851-181890 (GNE-1618 P2C79)) . 

Respectfully submitted, 



Date: January 8, 2009 




Christopher De Vry (RegfNo. 61,425) 



GOODWIN PROCTER LLP 

135 Commonwealth Drive 
Menlo Park, California 94025 
Telephone: (650)752-3100 
Facsimile: (650) 853-1038 
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8. CLAIMS APPENDIX 

Claims on Appeal 

39. An isolated nucleic acid having at least 80% nucleic acid sequence identity to: ■ 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 
its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290); 

(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

40. The isolated nucleic acid of Claim 39 having at least 85% nucleic acid sequence 
identity to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 
its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290): 

(d) , the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

41 . The isolated nucleic acid of Claim 39 having at least 90% nucleic acid sequence 
identity to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 
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(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 

o 

its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290): 

(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
189); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

42. The isolated nucleic acid of Claim 39 having at least 95% nucleic acid sequence 
identity to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 
its associated signal peptide; 

. (c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290): 

(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

43. The isolated nucleic acid of Claim 39 having at least 99% nucleic acid sequence 
identity to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 
its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290): 

-30- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/909,088 
Attorney's Docket No. GNE-1618 P2C79 



(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

44. An isolated nucleic acid comprising: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290), lacking 
its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290); 

(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927. 

45. The isolated nucleic acid of Claim 44 comprising a nucleic acid sequence 
encoding the polypeptide of (SEQ ID NO: 290). 

46. The isolated nucleic acid of Claim 44 comprising a nucleic acid sequence 
encoding the polypeptide of (SEQ ID NO: 290), lacking its associated signal peptide. 

47. The isolated nucleic acid of Claim 44 comprising a nucleic acid sequence 
encoding the extracellular domain of the polypeptide of (SEQ ID NO: 290). 

49. The isolated nucleic acid of Claim 44 comprising the nucleic acid sequence of 
(SEQ ID NO: 289). 
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50. The isolated nucleic acid of Claim 44 comprising the full-length coding sequence 
of the nucleic acid sequence of (SEQ ID NO: 289). 

5 1 . The isolated nucleic acid of Claim 44 comprising the full-length coding sequence 
of the cDNA deposited under ATCC accession number 209927. 

52. An isolated nucleic acid molecule consisting of a fragment of the nucleic acid 
sequence of SEQ ID NO: 289, or a complement thereof, that specifically hybridizes under 
stringent conditions to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 290): 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO 290), lacking 
its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of 
(SEQ ID NO: 290): 

(d) the nucleic acid sequence of (SEQ ID NO: 289); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO: 
289); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209927, 

wherein said stringent conditions are hybridization in 50% formamide, 5 x SSC (0.75 M 
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 
5 x Denhardt's solution, sonicated salmon sperm DNA (50 |ag/ml), 0.1% SDS, and 10% dextran 
sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) and 50% 
formamide at 55°C, followed by a high-stringency wash consisting of 0.1 x SSC containing 
EDTA at 55°C. 

55. A vector comprising the nucleic acid of Claim 39. 

56. The vector of Claim 55, wherein said nucleic acid is operably linked to control 
sequences recognized by a host cell transformed with the vector. 
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57. A host cell comprising the vector of Claim 55. 

58. The host cell of Claim 57, wherein said cell is a CHO cell, an E. coli or a yeast 



cell. 
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9. EVIDENCE APPENDIX 



1 . Declaration of Sherman Fong, Ph.D. under 35 C.F.R §1.132, with attached 
Exhibits A-E: 

A. Current Protocols in Immunology, Vol. 1 5 Richard Coico, Series Ed., John 
Wiley & Sons, Inc., 1991, Unit 3.12. 

B. Steinman, R.M., "The dendritic cell advantage: New focus for immune- 
based therapies," Drug News Perspect. 13:581-586 (2000). 

C. Gubler, U. et al, "Coexpression of two distinct genes is required to 
generate secreted bioactive cytotoxic lymphocyte maturation factor," Proc. Natl 
Acad. Sci. USA 88:4143-4147 (1991). 

D. Peterson, A.C. et al, "Immunization with melan-A peptide-pulsed 
peripheral blood mononuclear cells plus recombinant human interleukin-12 
induces clinical activity and T-cell responses in advanced melanoma," J. Clin. 
Oncol 21:2342-2348 (2003). 

E. Thurner, B. et al, "Vaccination with Mage-3A1 peptide-pulsed mature, 
monocyte-derived dendritic cells expands specific cytotoxic T-cells and induces 
regression of some metastases in advanced stage IV melanoma," J. Exp. Med. 
190:1669-1678 (1999). 



2. Kahan, Barry D., "Immunosuppressive therapy," Curr. Opin. Immunol. 4:553-560 

(1992). 

3. Picotti, J.R. et al. s "Interleukin-12 (IL- 1 2)-driven alloimmune responses in vitro 
and in vivo," Transplantation 67:1453-1460 (1999). 

4. Campo, C.A. et al. 5 "Zinc inhibits the mixed lymphocyte culture," Biological 
Trace Element Research, 79:15-22 (2001) 

5. Robins et al. US Patent 4,950,647 

6. Strobel et al. US Patent 5,648,376 

7. Ojo-Amaize et al. US Patent 5,801,193 
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8. Haskill et al. US Patent 5,8 1 7,306 

9. Storm et al. US Patent 5,958,403 

10. Abolhassani, M., "Antibacterial effect of borage (Echium amoenum) on 
Staphylococcus aureus," Brazilian Journal of Infectious Diseases 8:382-385 (2004). 

11. Amirghofran, Z. et al., "Echium amoenum stimulate of lymphocyte proliferation 
and inhibit fo humoral antibody synthesis," im. J. Med. Sci. 25:1 19-124 (2000). 

12. Chapoval, A.I. et al., "Combination chemotherapy and IL-15 administration 
induces permanent tumor regression in a mouse lung tumor model: NK and T cell -mediated 
effects antagonized by B cells," J. Immunol. 161 :6977-6984 (1998). 

13. Fung-Leung, et al., "Tepoxalin, A Novel Immunomodulatory Compound, 
Synergizes with CSA in Suppression of Graft* VersusHost Reaction and Allogenic Skin Graft 
Rejection", Transplantation, 60:362-368 (1995). 

14. Gennari, R. et al., "Granulocyte macrophage colony stimulating factor improves 
survival in two models of gut-derived sepsis by improving gut barrier function and modulating 
bacterial clearance," Annals of Surgery 220:68-76 (1994). 

15. Grabstein, K.H. et al., "Cloning of a T cell growth factor that interacts with the 
beta chain of theinterleukin-2 receptor," Science 264:965-968 (1994) . 

16. Kasaian, M.T. et al.,"IL-21 limits NK cell responses and promotes antigen 
specific T cell activation: a mediator of the transition from innate to adaptive immunity," 
Immunity 16:559-569 (2002). 

17. Kirchner, G.I. et al., "Pharmacokinetics of recombinant human interleukin-2 in 
advanced renal cell carcinoma patients following subcutaneous application," Br. J. Clin. 
Pharmacol. 46:5-10 (1998). 
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18. Ma, H-L et al., H IL-21 activates both innate and adaptive immunity to generate 
potent antitumor responses that require perforin but are independent of INF-y," J. Immunol.. 171 
:608*615 (2003). 

19. Naito, K. et al., "Macrophage factors which enhance the mixed leukocyte reaction 
initiated by dendritic cells," J. Immunol. 142:1834-1839 (1989). 

20. Nastala, C.L. et ah, "Recombinant IL-12 administration induces tumor regression 
in association with IFN-y production," J. Immunol 153:1697-1706 (1994). 

21. Pahwa, R. et al. "Recombinant interleukin 2 therapy in severe combined 
immunodeficiency disease," Proc. Nat/. Acad. J Sci. USA 86:5069-5073 (1989). 

22. Patterson, S. et al., "Human invariant NKT cells are required for effective in vitro 
alloresponses," J.lmmunol. 175:5087, 5094(2005). 

Item 1 was submitted with Preliminary Amendment filed August 30, 2004, and was noted as 
considered by the Examiner on November 17, 2004. 

Items 2-4 were made of record by the Examiner in the Office Action mailed May 30, 2006. 

Items 5-22 were submitted with the Response filed November 3 5 2006, and was noted as 
considered by the Examiner on February 1, 2007. 
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10. RELATED PROCEEDINGS APPENDIX 

None - no decision rendered by a Court or the Board in any related proceedings identified 

above. 



1 2385 1 . 1 8 1 890 CD9 LIBC/3489 198.! 
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HE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 



Docket No.: 



Serial No.: 



Group Art Unit: 



Filing Date: 



Examiner: 



For: 



DECLARATION OF SHERMAN FONG, Ph.D. UNDER 37 C.F.R. § 1.132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



I, Sherman Fong, Ph.D. declare and say as follows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis, CA in 



2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation, La Jolla, CA, I joined Genentech, Inc., South San Francisco, CA in 
1987. I am currently a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech, Inc. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech ! s Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a well known and widely used proliferative assay of T-cell function, 
the basic protocols of which are described, for example, in Current Protocols in 
Immunology Vol. 1, Richard Coico, Series Ed., JohnWiley & Sons, Inc., 1991, Unit 3.12. 
(Exhibit A). This publication is incorporated by reference in the description of the MLR 
protocol in the present application. 



Sir: 



1975. 



c c 

6. The T-lymphocytes or "T-cells" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-cells are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cells, is cultured with allogeneic PBMCs 
that predominantly contain dendritic cells. According to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells. It is known that the 
dendritic cell population among the PBMCs are differentially affected by irradiation. At 
low doses (500-1000 Rad), the proliferation of most cells, including the B cells in the 
PBMCs, is preserved, however, at doses above 2000 Rad, this function of B cells is 
abolished. Dendritic cells on the other hand, maintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Current Protocols in Immunology , supra, 
at 3. 12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on their surface high levels of major histocompatibility 
complex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-cells with potent and needed accessory or costimulatory 
substances, in addition to giving them the T-cell maturing antigenic signal to begin 
proliferation and carry out their function. Once activated by dendritic cells, the T-cells 
are capable of interacting with other antigen presenting B cells and macrophages to 
produce additional immune responses from these cells. For further details about the 
properties and role of dendritic cells in immune-based therapies see, e.g. Steinman, Drug 
News Perspect. 13(10):581-586 (Exhibit B). 

8. The MLR assay of the present application is designed to measure the ability of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR, and thus identifies immune stimulants that can 
boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously. 



2 



r 



( 



9. Such immune stimulants find important clinical applications. For example, IL-12 is a 
known immune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay. IL-12 was first identified in just such an MLR [Gubler et al. PNAS 88 , 
4143 (1991) (Exhibit C)]. In a recent cancer vaccine trial, researchers from the 



efficacy of the approach, relying on the immune stimulatory activity of IL-12, for the 
treatment of melanoma. [Peterson et al. Journal of Clinical Oncology 21 (12). 2342-48 
(2003) (Exhibit D)] They extracted circulating white blood cells carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to the patients. 
Normally patients would not have an immune response to his or her own human antigens. 
The patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs), treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anti-cancer response. [Thinner et al. J. 



10. It is my considered scientific opinion that a PRO polypeptide shown to stimulate T-cell 
proliferation in the MLR assay of the present invention with an activity at least 180% of 
the control, as specified in the present application, is expected to have the type of activity 
as that exhibited by IL-12, and would therefore find practical utility as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T-cell 
proliferation in the MLR assay. It is my considered scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be 
expected to find practical utility when an inhibition of the immune response is desired, 
such as in autoimmune diseases. 



University of Chicago and Genetics Institute (Cambridge, MA) have demonstrated the 



Exp. Med. 190 (11), 1669-78 (1999) (Exhibit E)]. 
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Sherman Fong, Ph.D. 

Senior Scientist 
Department of Immunology 
Genentech Inc. 
1 DNA Way. 

South San Francisco, California 94080-4990 

Work Telephone : (650) 225-2783 FAX: (650) 225-8221 

Home Telephone : (510) 522-541 1 

Education : 

1978 - 1980 Postdoctoral Fellow in Immunology, Research Institute of Scripps Clinic, 

Scripps Clinic and Research Foundation, La Jolla, California 

1975 - 1978 Postdoctoral Fellow in Immunology, University of California at 

San Francisco, San Francisb, California 

1970 - 1975 Ph.D. in Microbiology, University of California at 

Davis, California 

1966 - 1970 B.A. in Biology/Microbiology, San Francisco State 

University, San Francisco, California 

Professional Positions : 

Currently: Senior Scientist, Department of Immunology/Discovery Research, Genentech, Inc., South San 
Francisco, California 

8/00-8/01 Acting Director, Department of Immunology, Genentech, Inc. South San Francisco, California 

10/89 Senior Scientist in the Department of Immunology/Discovery Research, Genentech, Inc. 
South San Francisco, California 

3/89 - 10/89 Senior Scientist and Immunobiology Group Leader, Department of Pharmacological 
Sciences, Immunobiology Section/Medical Research and Development, Genentech, Inc., S. San Francisco, 
California 

9/87 - 3/89 Scientist, Department of Pharmacological Sciences, Immunopharmacology Section/Medical 
Research and Development, Genentech, Inc., S. San Francisco, California 

1/82 - 9/87 Assistant Member (eq. Assistant Professor level), Department of Basic and Clinical Research, 
Division of Clinical Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

6/80 - 12/81 Scientific Associate in the Department of Clinical Research, Division of Clinical 
Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

7/78 - 6/80 Postdoctoral training in the laboratory of Dr. J. H. Vaughan, Chairman, Department of Clinical 
Research, Division of Clinical Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

2/75 - 6/78 Postdoctoral training in the laboratory of Dr. J. W. Goodman, Department of Microbiology 
and Immunology, School of Medicine, University of California, San Francisco, California 



19 Basinside Way 
Alameda, California 94502 



7/71 - 12/74 Research Assistant and Graduate Student, Department of Medical Microbiology, School of 
Medicine, University of California, Davis, California, under Dr. E. Benjamini 

Awards : 

Recipient: National Institutes of Health Postdoctoral Fellowship Award (1975). 

Recipient: Special Research Award, (New Investigator Award), National Institute of Health (1980). 

Recipient: P.I., Research Grant Award, National Institute of Health (1984). 

Recipient: Research Career Development Award (R01), National Institutes of Health (1985). 

Recipient: P.L, Multi-Purpose Arthritis Center Resarch Grant, NIH (1985) 

Recipient: P.L, Resarch Grant Award, (R01 Renewal), National Institute of Health (1987). 

Scientific Associations : 

Sigma Xi, University of California, Davis, California Chapter 
Member, The American Association of Immunologists 
Committee Service and Professional Activities : 

Member of the Immunological Sciences Study Section, National Institutes of Health Research Grant 
Review Commitee, (1988-1 992). 

Advisory Committee, Scientific Review Committee for Veteran's Administration High Priority Program on 
Aging, 1983. 

Ad Hoc member of Immunological Sciences Study Section, National Institutes of Health, 1988. 

Ad Hoc Reviewer: Journal of Clinical Investigations, Journal of Immunology, Arthritis and Rheumatism, 
International Immunology, Molecular Cell Biology, and Gastroenterology 



Biotechnology Experience 

Established at Genentech in 1987-1989 within the Immunobiology Laboratory, in the Department of 
Pharmcological Sciences, group to study the immunogenicity of recombinant hGH (Protropin®) in hGH 
transgenic mice. 

Served as Immunologist on the Biochemical Subteam for Protropin® Project team. 

Served as Immunologist on the Met-Iess hGH and Dnase project teams, two FDA approved biological 
drugs: second generation hGH Nutropin® and Pulmozyme® (DNase). 

Served immunologist inl989-1990 on the CD4-IgG project team carrying out in vitro 
immunopharmacological studies of the effects of CD4-IgG on the in vitro human immune responses to 
mitogens and antigens and on neutrophil responses in support of the filing of IND to FDA in 1990 for use 
of CD4-IgG in the prevention of HIV infection. Product was dropped. 

In 1989-1991, initiated and carried research and development work on antibodies to CD1 lb and CD 18 
chains of the leukocyte 02 integrins. Provided preclinical scientific data to Anti-CD 18 project team 



supporting the advancement of humanized anti-CD 18 antibody as anti-inflammatory in the acute setting. 
IND filed in 1996 and currently under clinical evaluation. 



1993-1997, Research Project Team leader for small molecule <x4pi integrin antagonist project. Leader 
for collaborative multidisciplinary team (N=l 1) composed of immunologists, molecular/cell biologists, 
protein engineers, pathologists, medicinal chemists, pharmacologists, pharmaceutical chemists, and clinical 
scientists targeting immune-mediated chronic inflammatory diseases. Responsible for research project 
plans and execution of strategy to identify lead molecules, assessment of biological activities, preclinical 
evaluation in experimental animals, and identification of potential clinical targets. Responsible for 
identification, hiring, and working with outside scientific consultants for project. Helped established and 
responsible for maintaining current research collaboration with Roche-Nutley. Project transfered to Roche- 
Nutley. 

1998-present, worked with Business Development to identify and create joint development opportunity 
with LeukoSite (currently Millennium) for monoclonal antibody against cc407 intergin (LDP-02) for 
therapeutic treatment for inflammatory bowel disease (UC and Crohn* ;s disease). Currently, working as 
scientific advisor to the core team for phase II clinical trials for LDP-02. 

Currently, Research Project Team Biology Leader (1996-present) for small molecule antagonists for 
oc4p7/MAdCAM-l targeting the treatment of human inflammatory bowel diseases and diseases of the 
gastrointestinal tract. Responsible for leading collaborative team (N=12) from Departments of 
Immunology, Pathology, Analytical Technology, Antibody Technology, and Bio-Organic Chemistry to 
identify and evaluate lead drug candidates for the treatment of gastrointestinal inflammatory diseases. 

Served for nearly fifteen years as Ad Hoc reveiwer on Genentech Internal Research Review Committee, 
Product Development Review Committee, and Pharmacological Sciences Review Committee. 

Worked as Scientific advisor with staff of the Business Development Office on numerous occasions at 
Genentech, Inc. to evaluate the science of potential in-licensing of novel technologies and products. 

2000-2001 Served as Research Discovery representative on Genentech Therapeutic Area Teams 
(Immunology/Endocrine, Pulmonary/Respiratory Disease Task Force) 
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Invited Symposium Lectures : 

Session Chairperson and speaker, American Aging Association 12th Annual National Meeting, San 
Francisco, California, 1982. 

Invited Lecturer, International Symposium, Mediators of Immune Regulation and Immunotherapy, 
University of Western Ontario, London, Ontario, Canada, 1985. 

Invited Lecturer, workshop on Human IgG Subclasses, Rheumatoid Factors, and Complement. American 
Association of Clinical Chemistry, San Francisco, California, 1987. 

Plenary Lecturer, First International Waaler Conference on Rheumatoid Factors, Bergen, Norway, 1987. 

Invited Lecturer, Course in Immunorheumatology at the Universite aux Marseilles, Marseilles, France, 
1988. 

Plenary Lecturer, 5th Mediterranean Congress of Rheumatology, Istanbul, Turkey, 1988. 

Invited Lecturer, Second Annual meeting of the Society of Chinese Bioscientist of America, University of 
California, Berkeley, California, 1988. 

Lecturer at the inaugural meeting of the Immunology by the Bay sponsored by The Bay Area Bioscience 
Center. The P2 Integrins in Acute Inflammation, July 14, 1992. 

Lecturer, "Research and Development » An Anatomy of a Biotechnology Company", University of 
California, Berkeley, Extension Course, given twice a year-March 9, 1995 to June 24, 1997. 

Lecturer, "The Drug Development Process - Biologic Research - Genomics", University of California, 
Berkeley Extension, April 21, 1999, October, 1999, April 2000, October, 2000. 

Lecturer, "The Drug Development Process - Future Trends/Impact of Pharmacogenomics", University of 
California Berkeley Extension, April 200 1 , October 200 1 , April 2002. 

Invited Speaker, "Targeting of Lymphocyte Integrin a4(37 Attentuates Inflammatory Bowel Diseases", in 
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Proliferative Assays for T Cell Function 



UNIT 3.12 



A number of agents can specifically or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cytes — in contrast to helper function for B lymphocytes (unit 3.10) or cytotoxicity (unit 
3,u) — proliferation assays are reliable, simple, and easy to perform and have been widely 
used to assess the overall immunocompetence of an animal. In addition, the assays 
described in this unit form the basis for identifying the appropriate cellular population 
that might be used to obtain T cell clones (unit 3.13) or T cell hybridomas (unit 3.14). 

The assays have been divided into two groups on the basis of whether they are used to 
stimulate primed or unprimed T lymphocytes. The first basic protocol describes the use 
of agents that are capable of activating unprimed T lymphocytes in culture either by 
pharmacologic means (calcium ionophore and phorbol ester stimulation), by direct 
cross-linking of the T cell receptor (TCR) on a large percentage of responder cells 
(anti-CD3, anti-TCR-yS, or anti-TCR-ap monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of T cells with monoclonal antibodies specific for the 
V regions of p chains of the TCR (anti-Vp) or with enterotoxins specific for certain 
Vp-chain regions, or by indirectly cross-linking the TCR (lectins or monoclonal antibodies 
to non-TCR antigens). The first alternate protocol describes the use of plate-bound 
antibodies specific for the TCR to stimulate proliferation. The second alternate protocol 
describes the activation of unprimed T cells to cell-associated antigens in the mixed 
leukocyte reaction (MLR). The first support protocol describes the preparation and use 
of T cell-depleted accessory or stimulator cells and the second support protocol describes 
methods for blocking accessory cell proliferation. Finally, the second basic protocol 
describes the induction of a T cell proliferative response to soluble protein antigens or to 
cell-associated antigens against which the animal has been primed in vivo. 

The assays in this unit employ murine T lymphocytes. Induction of proliferative responses 
of murine B lymphocytes is described in unit 3.10. Related assays for use with human 
peripheral blood lymphocytes are described in unit 7.9. 

NOTE: All solutions and equipment coming into contact with cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unprimed T cells can be induced to proliferate by a variety of agents, including pharma- 
cological agents, anti-CD3/TCR or anti-Thy-1 monoclonal antibodies, enterotoxins and 
lectins. The commentary briefly describes the specificities of these agents, while Table 
3.12.1 lists sources and concentrations for use in this protocol. Although this procedure 
is intended to measure proliferation of T cells specifically, in many cases induction of T 
cell proliferation is dependent on the presence of non-T cells that function as accessory 
cells. The latter provide additional costimulatory signals for T cell proliferation as well 
as cross-link (via their Fc receptors) monoclonal antibodies bound to cell-surface anti- 
gens. The requirement for non-T accessory cells varies with the nature of the stimulatory 
ligand and can range from absolute dependence to accessory cell-independent T cell 
activation (see Table 3.12.1). The activation is calculated after determining the difference 
in incorporation of [ 3 H]thymidine between stimulated and control cells. 
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Table 3.1 2.1 Agents Used to Activate Unprimed T Cells in Proliferative Assays 



Agent 0 


Source/ 
• cat. no.' 


Concentration 


Accessory 
cells c 


Mode of action, etc. 


PMA 


SIGP8139 


1-10 ng/ml 


No 


Use with ionomycin or 
A23 1 87; pharmacologic 


Ionomycin 


CAL 407950 


200-500 ng/ml 


No 


Use with PMA; 
pharmacologic 


A23187 


CAL 100105 


100-500 ng/ml 


No 


Use with PMA; 
pharmacologic 


PHA 


WDHA16 


1-5 fig/ml 


Yes 


Indirect TCR 
cross-linking 


Con A 


PH 17-0450-01 


1-10 |ig/ml 


Yes 


Indirect TCR 
cross-linking 


Anti-Thy-1 


PGmAb-G7 


1-50 ng/ml 


Yes c 


Indirect TCR 
cross-linking 




PGHM-CD3 

A A MAX A \^M^ mJ 


01-5 Lie/ml 


Yes c 


Use olate-bound or 
soluble; direct TCR 
cross-linking 


Anti-TCR-rxB 


PGHM-AB- 

A AAA* A 4 

TCR 


0 1-10 ue/ml 


Yes c 


Use plate-bound or 
soluble; direct TCR 
cross-linking 


Anti-TCR-y5 


PGHM-GD- 
TCR-1; 

HM-GD-TCR-3 


0.1-100 ^g/ml 


No 


Use plate-bound; direct 
TCR cross-linking 


Anti-Vp-81. 
8.2 C 


PGMM-VP- 
TCR-1 


0.1-100 jig/ml 


No 


Use plate-bound; direct 
TCR cross-linking 


Anti-VP-e 5 


PGRM-Vp- 
TCR-2 


0.1-100 ^g/ml 


No 


Use plate-bound; direct 
TCR cross-linking 


Anti-VP-11 


PGRM-V^- 
TCR-3 


0.1-100 ilg/ml 


No 


Use plate-bound; direct 
TCR cross-linking 


Staph tox A 


TTAT101 


l-10|ig/ml 


Yes c 


V^-1,3,10,11,17- 
receptor specificity - 


Staph tox B 


TTBT202; 
SIGS4881 


1-100 jlg/ml 


Yes c 


VP-3,7,8,17-receptor 
specificity 


Staph tox E 


TTET404 


1-lOfig/ml 


Yes* 


V£-ll,15,17-receptor 
specificity 



"Abbreviations: PMA, pborbol 12-myri state 13-acetate; PHA, phytohemaggjutinin; Con A, concanavalin A; Staph 
tox A, B, & E, Staphylococcus enterotoxins A, B, & E. 



Supplier addresses and phone numbers are provided in appendix 5. Abbreviations: CAL, Calbiocbem; PG, 
Pharmingen; PH, Pharmacia LKB; SIG, Sigma; TT, Toxin Technology; WD, Wellcome Diagnostics. 

"When using anti-CD3 and anti-TCR antibodies in soluble form (rather than plate-bound), accessory cells are 
required. When using Staph enterotoxins, accessory cells must express appropriate MHC class II molecules. 
Accessory cell dependence is not absolute with anti-Thy-1 antibodies. 
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Materials 

Complete RPMI-5 and RPMI-10 media (appendix 2) 

Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes {unit 3.1) 
Activating agent(s) (Table 3.12.1) 
Phosphate-buffered saline (PBS; appendix 2) 

Accessory cells: unfractionated mouse spleen cell suspension, irradiated or 
treated with mitomycin C (second support protocol) or T cell-depleted 
(first support protocol) 

[ 3 H] thymidine (appendix 3) 

15- and 4-ml disposable, polystyrene conical tubes with screw caps 
Low-speed centrifuge with Sorvall H-1000B rotor (or equivalent) 
1-, 5-, and 10-ml disposable polystyrene pipets 

96- well flat- or round-bottom microtiter plates with lids (Costar #3596 or #3799) 
25- to 100-jil single- and multichannel pipettors with disposable tips 

Additional reagents and equipment for removing organs (UNms), preparing 
single-cell suspensions (UNrru), and counting, labeling, and harvesting 
cells (appendix 3) 

1. Prepare responder leukocyte suspensions from thymus, spleen, or lymph node in 
complete RPMI-5 as described in unit 3. J. 

The size of the intended experiment dictates the number of organs to be collected See 
annotation to step 3 for an indication of cell number required, and unit 3 J for number 
of cells per organ. Spleen, thymus, and lymph node can be used as responder cells, 
while only spleen is a source of accessory cells. Purified T cells or subpopulations of 
T cells (Le., CD4+ or CD8+) cells may also be used. See units 3.1-3.6 for enrichment/ 
depletion methods. 

2. Centrifuge single-cell suspensions in 15-ml conical tubes for 10 min in Sorvall 
H-1000B rotor at -1000 rpm (200 x g), room temperature, and discard supernatant. 

3. Resuspend cell pellet in complete RPMI-5. Count responder cells and adjust to ~10 6 
cells/ml with complete RPMI-10. 

While this concentration (1 x l(fi cells/ml or 2 x Iff cells/well) will give satisfactory 
responses with most cell populations, it is useful to compare 2, 4, and 8 x10 s cells per 
well in initial pilot experiments. If unfractionated spleen or lymph node cells are used 
. as the responder population, sufficient accessory cells are present and there is no need 
to supplement the cultures with additional cells. However, if highly purified T cells or 
T cell subpopulations are used as responders, it will be necessary to add non-T 
accessory cells depending on the nature of the activating agent ( see Table 3.12.1 ). This 
is most easily accomplished by adding increasing numbers ( 0. 1, 0.5, and 1.0 x 10 5 ) of 
syngeneic spleen (accessory) cells in 0.1 mlto2xl(fi T cells in 0.1 ml (see first support 
protocol). Also, a meaningful comparison of the responsiveness of different cell 
populations requires titrations of both the activating agents as well as the responding 
cell populations, and a kinetic experiment. 

4. Prepare working solutions of activating agents in 4-ml conical tubes at room temper- 
ature as follows. For MAb, toxin, or lectin, make a series of four dilutions from 1 
mg/ml stock solutions — e.g., 100, 30, 10, and 3 p.g/ml in PBS. For the pharmacolog- 
ical agent, make single dilutions of 100 ng/ml solution of PMA and 1 Jig/ml A23187 
(or 4 jig/ml ionomycin) in PBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 
also be used Working solutions should be used immediately, since the various proteins, 
especially MAb, may bind to the plastic. 
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See Table 3.12.1 for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify that the mouse strain employed expresses the MHC class II surface molecules 
for which the enterotoxin has a specific binding affinity. See Marrack and Kappler 
(1989) for further discussion of various entewxins and their specificities. 

5. Add 20 \i\ of each dilution of activating reagent (MAb, enterotoxin or lectin) to each 
of three wells of a 96- well flat* or round-bottom microtiter plate. Include control wells 
with 20 fxl of PBS only. Add 20 \il PMA or calcium ionophore at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dilutions will form one row of each microtiter plate, allowing for 
efficient organization of the plates. 

6. To the wells of the 96-well microtiter plate containing activating agent, add 2 x 10 5 
cells in 0.2 ml. 

7. Place microtiter plates in a humidified 37°C, 5% C0 2 incubator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add [ 3 H]thymidine to each well. Return the plates to C0 2 incubator to pulse 1 8 to 24 
hr. Harvest cells using a semiautomated sample harvester and measure cpm in (3 
scintillation counter. 

9a. Compute the data as the difference in cpm of stimulated (experimental) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures from the arithmetic mean of cpm from 
corresponding stimulated cultures. The results are referred to as "A cpm." 

9b. Alternatively, compute the data as the ratio of cpm of stimulated and control cultures. 
This is done by dividing the arithmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. The results are referred to "SI" 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values will result in large changes in SI and should be interpreted with caution. In most 
publications, A cpm rather than SI values are preferred. 
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ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Although it is possible to induce T cell activation with monoclonal antibodies to the 
CD3/TCR complex in solution during culture, such activation depends on cross-linking 
of the antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CD3/TCR complex by coupling them to the wells of the 
microtiter plates. The T cell proliferative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, although the responses 
obtained may be suboptimal (Jenkins et al., 1990). 

Use of this protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to the Fc receptor present on muriiie accessory cells and which 
do not induce T cell activation in soluble form. Although all monoclonal antibodies readily 
couple to plastic under these conditions, it is very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, the conditions described in the basic protocol should be followed. 
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Additional Materials 

PBS (appendix 2), room temperature and 4°C 

1 mg/ml purified anti-CD3 or anti-TCR MAb in PBS (for nonspecific activation 
of T cells) or 1 mg/ml purified anti- Vp or anti-TCR-yS MAb in PBS (for 
activation of T cells with specific receptors; see Table 3.12.1) 

1. In 4-ml conical polystyrene tubes, prepare a series of four dilutions of MAb from 
sterile 1 mg/ml stock solutions— e.g., 100, 10, 1, and 0.1 jig/ml— using room 
temperature PBS. 

Sources and recommended concentrations of monoclonal antibodies can be found in 
Table 3.12.1; since MAb will bind to plastic, the working dilutions should be used 
immediately. 

The ability of anti-TCR antibodies to cross-link receptor molecules varies depending 
on the purity of the MAb preparation and the affinity of the MAb for the TCR/CD3 
complex Optimum dilutions will have to be determined in dose-response experiments. 
Alternatively, preparations of ascites fluid from the MAb can be tested at different 
dilutions (e.g., 1:100, 1:200, 1:400, and 1:800), but use of purified antibody wilt allow 
for better standardization of the assay. 

Because the efficacy of MAb-induced activation depends on the amount of antibody 
bound to the bottom of the wells, it is crucial to make the dilutions in a buffer without 
any additional source of proteins such as FCS or albumin; these would compete with 
the binding of the antibody, and therefore reduce the responsiveness. For this reason, 
it is also not recommended to perform the assay with culture supernatants of the 
appropriate hybridomas. 

2. Add 30 (Jl of each concentration of MAb solution to each of three wells of a 96-well 
round-bottom microtiter plate. Include control wells of 30 |il PBS only. 

A series of four dilutions will form one row of each plate, allowing for efficient 
organization of the plates. Consistently better responses are seen with round-bottom 
(compared with flat-bottom) plates in antibody-mediated experiments. 

Most often, optimal responses are seen with 10 pg/ml antibody. There is no point in 
adding more than the indicated amount of antibody, since the maximum amount that 
can bind to surface of the wells is -2 to 3 pg (A.M.K., unpub. observ.). 

3. Cover the plate and gently tap its side to ensure complete covering of the bottom of 
the wells. Incubate plates 90 min at 37°C. During incubation, proceed to step 4. 

During this incubation, the antibodies bind to the plastic in the wells for subsequent 
cross-linking of the Tcell receptors on responding T cells. Plates can also be prepared 
the night before an experiment and kept in the refrigerator overnight, after the 3TC 
incubation. 

4. Prepare responder cell suspensions as in steps 1 to 3 of the basic protocol. 

Highly purified T cell populations can be used in these studies as the proliferative 
response induced is accessory cell-independent. However, the presence of non-T 
accessory, cells does not interfere with the proliferative response. 

5. Wash the wells of the incubated plates by adding 200 |xl cold PBS and inverting the 
plates with a flick of the hand on a stack of paper towels placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibody. 

6. To the wells of the washed plates, add -2 x 10 5 cells in 0.2 ml. 

If cells are not ready at this stage, plates may be kept in the refrigerator overnight after 
100 pi PBS has been added Presumably, longer storage periods should be acceptable, 
but our experience is limited to <4 day periods. The PBS should be removed before 
the cells are added. 
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Most cell populations will give peak responsiveness at this cell dosage, but pilot 
experiments should be performed to establish optimal conditions, . 

7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
before adding [ 3 H]thymidine, 

Kinetic assays should be performed to determine the optimum culture period. 

ALTERNATE T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTURES 
PROTOCOL ^ ^ j^gj lymphocyte culture (MLC) or reaction (MLR), suspensions of responder T 
cells are cultured with allogeneic stimulator lymphocytes. The activating stimulus is the 
foreign histocompatibility antigen (usually MHC class 1 or class II molecules) expressed 
on the allogeneic stimulator cells. Responder cells need not be primed because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulator population. If 
the stimulator cell population contains T cells, their uptake of [ 3 H] thymidine must be 
prevented by irradiation or treatment with mitomycin C; alternatively the stimulator cell 
suspension can be depleted of T cells (see support protocols). 

Additional Materials 

Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or lymph 
nodes (umrs is & 3.i) or purified T cells or T cell subpopulations (uNrrs 3.1-3.6) 

Stimulator cells: allogeneic mouse spleen cells that differ from the responder cells 
at H-2 or Mis loci, irradiated or treated with mitomycin C (second support 
protocol) or T cell-depleted (first support protocol) 

1. Prepare responder cell populations as in steps 1 to 3 of the basic protocol. Although 
unfractionated cell populations can be used as responders in certain situations, it may 
be preferable to use purified T cells or T cell subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
assay with different numbers of responder cells, typically, three replicate wells are set 
up containing each of the following: 0. 5. /, 2, and 4 x10 s cells ( optimal responses are 
usually obtained with the latter two densities). The setup for these four cell densities 
will occupy one row (12 wells) of a microtiter plate. 

For thymocytes, it may be necessary to use 8 x10 s cells per well because the frequency 
of responding T cells is lower; the lowest number of responder cells could then be Ix 
10 s and the doses in between would be 2 and 4 x 10 s . Using this range of higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce the frequency of responding T cells. 

2. To a 96-well microtiter plate, add 5 x 10 4 to 4 x 10 s responder cells in 0.1 ml to each 
well. For each experimental group, set up three replicate wells. 

Stimulation of leukocytes for proliferation in 96-well microtiter plates can be run in 
. parallel with cytotoxic T lymphocyte ( CTL) generation ( UNIT3A1 ), which is performed 
in 24-well microtiter plates. For example, cells can be diluted to4xl(fi cells/ml and 
added to 24-well plates in 1.0 ml/well for CTL generation and to 96-well plates in 0.1 
ml/well for proliferation. 

3. Prepare a single-cell suspension of irradiated or mitomycin C-treated stimulator cells. 
Alternatively, prepare a suspension of T^ll depleted stimulator cells. Add 0.1 ml to 

. each well of the plates containing responder cells. 

The optimum number of stimulator cells must be determined for each MLC and for 
different responder cells. For a range of responder cells from 0.5-4 X 10 s , test 
stimulator cells at densities of 2, 4, and 8 X ltf/ml (Le., 2, 4, and 8 X l(fi/well) t It 
Proliferative should be noted that the stimulator cell suspension provides both the specific antigen 

Assays for T Cell to be recognized by the responder T cells as well as nonspecific accessory cells. If 
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highly purified T cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder T cells. 

Separate wells with control cultures should be set up that include— for each dose of 
responder and stimulator cells — replicate wells of responder cells with irradiated or 
mitomycin C-treated syngeneic stimulator cells. Values obtained from these controls 
reflect background" proliferation values (see step 9 of basic protocol). Other negative 
controls often included are wells, with stimulator cells alone and wells with responder 
cells- alone. These are not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
indicate potential autoreactivity. 

4. Follow steps 7 to 9 of the basic protocol, but incubate the cultures for 3 to 6 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions, and must be determined empirically (see critical parameters). 

DEPLETION OF T CELLS FROM 

ANTIGEN-PRESENTING/STIMULATOR CELL SUSPENSIONS 

Although normal unfractionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spleen cell 
populations from which the T cells have been removed. This procedure ensures that none 
of the observed proliferative responses of the responder population result from T cell 
factors derived from the accessory cell population. For example, even T cells whose cell 
division has been blocked (second support protocol) can produce cytokines. In the 
following steps, T cell-depleted spleen cell suspensions are prepared using a lytic 
monoclonal antibody to the T cell antigen, Thy-1. Because almost all the antigen 
presentation or stimulator cell activity in spleen resides in the non-T cell fraction, this 
procedure also leads to enrichment of functional antigen-presenting cell function. Further 
enrichment of antigen-presenting cells (APC) by flotation of the T cell-depleted spleen 
cells on Percoll gradients is also described. Other procedures leading to enrichment of 
APC are described elsewhere; the method described in unttsj does not deplete T cells 
and therefore is not recommended here; the method described in unit 3.15 leads to higher 
levels of enrichment that are not required in the protocols presented here. 

Additional Materials 

Spleen cells from nonimmunized mice 

Hanks balanced salt solution (HBSS; appendix 2) 

Low-Tox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-cold distilled water and filter-sterilized 
Anti-Thy-1.2 ascites (HO-13^; ATCC #TTB 99) or anti-Thy-1.1 ascites 

(HO-22-1; ATCC #TTB 100; alternatively, see Table 3.4.1 for other 

anti-Thy-1 MAb and UN1T2.6 for production of ascites) 
70% Percoll solution (unites and reagents and solutions) 

1 . Centrifuge the spleen cell suspension derived from single spleen down to a pellet. 

. The spleen cells should always be from nonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells in the MLC. 

2. To the pellet, add 0.9 ml HBSS, 0.1 ml complement, and 25 \il anti-Thy-1 ascites. 

If cells from more than a single spleen are needed, the procedure should be scaled up 
accordingly. 
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The choice ofanti-Thy-1 reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly available mouse strains 
(except AKR) express the Thy-12 allele. 

3. Incubate the mixture at 45 min in a 37°C water bath. 

4. Centrifuge 10 min in Sorvall H-1000B rotor at -1000 rpm (200 x g), room tempera- 
ture, and discard supernatant. Resuspend pellet in HBSS and wash two more times. 

5. Count viable cells (appendix 3) and resuspend in complete RPMI-10 or PBS for 
inactivation as in the second support protocol, or in HBSS to prepare low-density 
accessory cells (see below). . 

The T cell-depleted spleen cell population is comprised ofB cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory cell function can 
be obtained by fractionation of this population on PercolL 

6. Dilute 70% Percoll solution to 55% by mixing 23.58 ml of the 70% Percoll with 6.42 
nil HBSS. Resuspend T cell-depleted spleen cells from step 5 in HBSS at 20 x 10 6 
cells/ml. 

7. Layer 3 ml cell suspension over 3 ml of 55% Percoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 min in H-1000B rotor at 3000 rpm (1900 x g) 9 room temperature. 

9. Remove cells that band at the Percoll/HBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable cells and resuspend in complete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised of large cells including 
macrophages, dendritic cells, and. activated B lymphocytes. This population of cells is 
enriched in accessory cell function When used in either of the basic protocols with 
purified T responder cells, fewer of the Percoll-purified cells should be needed to 
provide accessory function. 

BLOCKING CELLULAR DIVISION OF ACCESSORY/STIMULATOR CELLS 

There are two situations in which inhibition of accessory or stimulator cell division should 
be blocked. When purified T cells rather than unfractionated lymphoid populations are 
used in the basic protocol, cultures are frequently supplemented with accessory cells 
syngeneic to the responder T cells. If accessory cell DNA synthesis is inhibited, one can 
then be certain that the resultant proliferative response is comprised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation derived from 
the accessory cell populations. In the MLR, the stimulator cells are spleen cells from mice 
that differ from the responder cells in H-2 and/or Mis gene expression (see appendix 7, 
Tables A.1C. 1 and A. IF. 1) and they can also recognize alloantigens on the responder cells. 
This responsiveness of stimulator cells against responder cells in an MLR (so-called 
back-stimulation) must be prevented by blocking cellular division. This can be done by 
treatment of stimulator cells with mitomycin C (a DNA cross-linking reagent) or by g 
irradiation. Many investigators prefer mitomycin C treatment when antigenic differences 
encoded for by Mis genes are to be measured, or when an irradiation source is not available. 
For more information on the loci encoding Mis genes, see Tables A.1R2 and A.1F.3. 

Mitomycin C Treatment 

Additional Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1. In a 15-ml aluminum foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 0.5 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,, it is necessary to prepare a fresh stock 
solution each day for each experiment. 

2. Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration of 5 X 10 7 cells/ml in PBS. 

3. Add mitomycin C to a final concentration of 50 Jig/ml (100 nl/ml of cell suspension) 
and wrap the tube in aluminum foil. Incubate 20 min at 37°C. 

4. Add an excess of complete RPMI-5 (i.e., fill tube with -12 ml) and centrifuge 10 min 
in Sorvall H-1000B rotor at 1200 rpm (300 x g). Discard supernatant and repeat 
washing procedure two more times. 

Three washes are crucial, because any traces of mitomycin C left among the cells will 
reduce proliferative responses when the cells are added to an MLC. 

5. Resuspend pellet in complete RPMI-10. Count cells with hemacytometer. Adjust to 
desired concentration as described in the annotation to step 6 of the basic protocol. 

Irradiation Treatment 

Prepare a spleen cell suspension as described in steps 1 to 3 of the basic protocol, at a 
final concentration of 5-lOx 10 6 cells/ml in complete RPMI-10. Using a source of ionizing 
irradiation (^Co or ,37 Cs y-irradiator; e.g., Gammacell 1000, Nordion), deliver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most immunologic applications employing 
spleen cell suspensions. However, antigen presentation by different spleen cells is 
differentially affected by irradiation (Ashwelletal., 1984) rat low doses (500 to 1000 rad), 
antigenrpresenting function of B cells is preserved; after doses of 1100 to 2000 rad, a 
substantial decline is observed; and doses >2000 rad abolish the participation of B cells 
as APC. Macrophages and dendritic cells, on the other hand, maintain antigen presentation 
through doses of 3000 rad. To ensure that B cells do not participate in the responses 
measured, some investigators prefer to use doses of 2000 rad. However, responsiveness 
to Mis antigens can best be measured with stimulator cells that received doses of <1000 
rad, since B cells present Mis more effectively. Alternatively, Mis responsiveness can be 
measured after mitomycin C treatment of stimulator cells, since it also preserves the 
antigen-presentation function of B cells . 

When transformed cell lines are used as antigen-presenting or accessory cells, higher 
doses must be used to ensure blockage of cell division. The appropriate dose will have to 
be determined empirically for each cell line, but is likely to be at least 5000 rad; some 
transformed cell lines require as much as 10,000 to 12,000 rad, and may be more sensitive 
to mitomycin C treatment. 

ACTIVATION OF PRIMED T CELLS 

Proliferative responses to viruses, protein antigens, minor transplantation antigens, and 
the male H-Y antigen require in vivo immunization followed by in vitro stimulation. 
Furthermore, enhanced proliferative responses to those antigens that will generate pri- 
mary in vitro responses (i.e., MHC antigens) can be obtained by in vivo priming. Multiple 
immunizations usually elevate in vitro responses. 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant {unit 2.5). For 
strong responses by draining lymph node cells, immunize animals in a hind footpad. For 
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strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10 7 cells that express the antigen. Immunization protocols are described in unit 1.6. 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning procedures (unit3.n) and T cell hybridoma preparation (unit 3.13). 

Materials 

Complete RPMI-10 medium (appendix 2) 

Responder cells: Purified T cells isolated from lymph nodes (units 3.1-3.6) of 

in vivo primed mice 
Antigen: 1 mg/ml sterile protein antigen(s) (UNiT3.i3) f in PBS or suspension of 

irradiated or mitomycin C-treated stimulator cells expressing alloantigens 

at 8 x 10 6 cells/ml (UNrr3.11, support protocol) in complete RPMI-10 medium 

(appendix 2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (or T cell- 
depleted) spleen cells syngeneic to the responding T cells at 5 x 10 6 cells/ml 
in complete RPMI-10 medium 

4-ml conical tubes 

96-welI flat-bottom microliter plates with lids 

1 . Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-ml conical tubes, using complete 
RPMI-10. 

The following dilutions are recommended: 100, 10, 1, and 0.1 fig/ml protein antigens 
and 8, 4, 2, and 1 X Iff cells/ml of stimulator cells in complete medium, 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 |xl/well for protein 
antigens or 100 [il/well for cellular antigens. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a microtiter plate will cover the entire tested range. 

4. Add responder T cells in 0. 1 ml to each well. 

Purified T cells are recommended; otherwise extremely high background values may 
be obtained This appears to be due in part to. proliferation of recruited cells (T and 
non-T) that are not antigen-specific. If unfractionated lymph node cells from recently 
primed mice are used, add 1-2 x 70 s cells per well and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder T cells at 5 x 10 5 cells 
per well. 

Purified T cells require an exogenous source of accessory non-T cells. Accessory cells 
Junction both as antigen-presenting cells and as a source of undefined "second 
signals. " They are not required for cell preparations primed against cellular antigens, 
because accessory cell Junction is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays should be per- 
Proliferati ve formed In general, forT cells from primed mice, it is likely that the response will peak 

AssaysforTCeU at day 4 or 5. 

Ruction 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml lOx PBS, pH 7.4 (appendix2) 

3ml0.6MHCl 

132mlH 2 0 

Filter sterilize 

70% Percoll solution: 

63 ml Percoll (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Final osmolality should be 310 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function have certain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in unit 3M or the 
lymphpkine production assays in urns 3.1 5 & 6.3. 
Advantages are that proliferative assays are 
less time-consuming, less labor-intensive, less 
cell-consuming, and less expensive than "true" 
effector T cell function assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in CTL 
assays, unless antigen-specific clones of pro- 
liferating cells are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effector T cell function. 

It is not clear which T cell function is mea- 
sured in proliferative assays; the proliferative 
response should therefore be used solely as 
general indicators of T cell reactivity. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lymphok- 
ine-producing T cells, or nonactivated "by- 
stander" cells, and will be severely affected by 
the function of non-T cells such as accessory 
cells (see below). Since the majority of T cells 
respond to and produce IL-2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T cells. Proliferative 
assays therefore become more meaningful 
when combined with the lymphokine detection 
assays presented in units 3 js a 6.3. Since respon- 
siveness to IL-2 is also determined by the levels 
and functionality of YLrl receptors, further in- 
formation will be added by including measure- 
ments of IL-2 receptors {unit 6.1) or by flow 
cytometry (umtsa). Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters , 
and Troubleshooting 

Parameters affecting the magnitude of Tcell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
tor conditions (CO2 level and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories and 
experiments must be derived empirically with 
respect to these variables, but general guide- 
lines are provided below. 

A number of agents can be employed in the 
first basic protocol to induce Tcell proliferation 
(Table 3.12.1). T cells may be activated by 
pharmacologic means by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionophore combined with activation of protein 
kinase C with a phorbol ester. The most direct 
means of inducing T cell activation involves 
stimulation with monoclonal antibodies that 
interact with the CDSA'CR complex — i.e., 
anti-CD3, anti-TCR-CcfJ or -78, as well as anti- 
VP antibodies that are capable of interacting 
with a subset of cells bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
enterotoxins. These toxins are often referred to 
as "superantigens" (Marrack and Kappler, 
1989) because they stimulate T cells via the 
variable (V) gene segment of the TCR. Differ- 
ent toxins have affinities for different Vp chains 
and these specificities make them valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on their 
ability to bind to MHC class II molecules (i.e., 
responding T cells react with the toxin/class II 
complex); thus, responsiveness varies with the 
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mouse strain used. Lectins such as phytohe- 
magglutinin (PHA) and concanavalin A (Con 
A) have been widely used for many years to 
activate T cells. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cross-linking the TCR because TCR-negative 
cells will not respond to these agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies to cell-surface antigens 
other than the TCR; this protocol employs the 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-1 activators (Gunter et 
al., 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dose- 
response assays for responder T cells and acti- 
vating agents and for both responder and stim- 
ulator T cells (in MLR), since each population 
may yield optimal responses at different cell 
numbers. This may reflect differences in fre- 
quency of responding cells, and hence may 
indicate a need to perform limiting dilution 
assays (t/MTJJ5). Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experiments — i.e., compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the frequency 
of responding T cells, but may also indicate 
differences in the efficacy with which co-stim- 
ulatory activity or "second signals" are deliv- 
ered by the accessory cells present in different 
cell populations. The type of interactions per- 
tinent to the generation of primary responses 
by T cells is explained in the commentaries of 
vsrrs 3.8. 3.21 <£ 3.J3. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Staerz and Bevan, 
1986; Hathcock et al., 1989; Jenkins et al., 
1990). A responding cell population com- 
pletely devoid of accessory cells (such as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness in an MLC, since accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, the same population will generally not 
yield responses when mitogens, antigens, or 
enterotoxins are used. In such a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC). Addition of irradiated or mi- 
tomycin C-treated syngeneic sources of acces- 
sory cells (either whole spleen cells or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T cells. The 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies are used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenkins et al., 
1990). 

The level of [ 3 H]thymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and "cold" thymidine 
released by disintegrating cells will compete 
with incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
cells over the length of the culture period if a 
true estimate of cellular proliferation is to be 
obtained. Of course, cell death of nonactivated 
cells will also interfere with the accuracy of this 
last parameter. 

The sensitivity of proliferation assays is 
such that small errors in cell numbers will result 
in large differences in [ 3 H]thymidine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in cpm values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessively 
high values may be obtained from contami- 
nated wells, as pH]thymidine will be incorpo- 
rated into replicating bacteria; therefore, it is 
good practice to check the wells from micro ti- 
ter plates under an inverted microscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by microscopic examination of the cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a general indication 
of successful activation. 

The main problem that may occur with pro- 
liferative response assays is high levels of back- 
ground [ 3 H]thymidine incorporation in control 
cultures without antigens. This problem is fre- 
quently due to the fetal calf serum (FCS) used 
to supplement the cultures, which may be mi- 
togenic for B cells. Different lots of FCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in the absence 
of other stimuli, and that support strong prolif- 
erative responses upon antigenic stimulation of 
T cells. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistently 
better responses in round-bottom plates when 
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thymocytes are used as responder cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
RPMI-10 medium, it may be necessary to com- 
pare different media. This need arises when the 
proliferative responses are weak (i.e., when 
[ 3 H]thymidine values for activated cultures are 
< 1 0-fold higher than those for control cultures) 
and may occur under various circumstances: 
weak alloantigenic differences between re- 
sponder and stimulator cells, weak T cell pro- 
liferative function in the responder cells or 
diminished APC function in the stimulator cells 
due to experimental manipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contain a high 
level of responding T cells. Frequently, prolif- 
eration can be improved when complete Clicks 
or Dulbeccos media are used (with additives as 
described in appendix 2), presumably because 
these media contain additional nutrients and 
have an osmolality more compatible with 
mouse serum than RPML 

When RPMI is used as medium, 5% CO2 
will be sufficient, but for other media, a 7.5% 
CO2 concentration in the incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMEM is insufficient at 5%, but fine 
at 7.5%. Much will also depend on the prolif- 
erative activity of the responding population of 
T cells (e.g., vigorous proliferation will reduce 
the pH in the cultures); it is therefore recom- 
mended to compare responsiveness in initial 
pilot experiments in incubators set at different 
CO2 concentrations. 

The culture period required for stimula- 
tion — after which the cells are to be labeled— 
varies for different laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eliciting weak responses, such as those 
obtained with thymocytes or a weak alloantige- 
nic difference, will require a longer culture 
period (5 to 6 days) than those which elicit a 
higher frequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
determine the optimal time for T cell prolifer- 



ation. Addition of pH] thymidine on days 2, 3, 
4, 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in the medium. 

Anticipated Results 

For proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpm should be obtained; in the MLR or follow- 
ing activation with monoclonal antibodies to 
subpopulations of T cells (anti-V{J), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpm (with tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 cpm should be ex- 
pected. Reported results (as described in step 
9a) should be mean cpm of experimental wells 
minus background cpm (A cpm). 

Time Considerations 

The time required to set up proliferative 
assays is not more than a day, with the number 
of hours depending on the number of different 
groups of responder cells that must be prepared. 
The time required for incubation of cells ranges 
from 2 to 6 days, as noted above in critical 
parameters. Following an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
cells and measuring cpm will require several 
hours depending on the number of plates (-15 
min for harvesting each plate and -100 min for 
counting each plate at 1 min/sample). 
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LOOKING AHEAD 



Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 



The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



Summary 

Dendritic cells (DCs) provide a much earlier and antigen-specific means for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The U DC advantage" entails a myriad 
of functions. DCs are more than antigen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controlling immunity. Another special 
feature of DCs is their location and movement in the body; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life history of DCs are now being unraveled in molecular terms. As research on 
DCs expands, more potential functions and more sites for their manipulation are 
becoming apparent. ©2000 Prous Science, aii rights reserved. 



by Ralph M. Steinman 



The focus of immune therapeutics 
has been on lymphocytes, the 
cellular mediators of immunity, 
and the suppression of lymphocyte 
function. The drug cyclosporin (cyclo- 
sporine) is an excellent and successful 
example. However, medicine needs 
therapies that enhance immunity or 
resistance to infections and tumors. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
arc specific to the disease-causing 
stimulus or antigen. In contrast to lym- 
phocytes, dendritic ceils (DCs) provide 
a much earlier and antigen-specific 
means for manipulating the immune 
response. DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tumors (reviewed in references 1-3). 



The controlling role of DCs is best 
known for thymus-dependent lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I). 
DCs were identified in a few laborato- 
ries that were focusing on (he induction 
of immunity from resting T ceils. It 
-.was noted that immune tissues (spleen, 
lymph nodes, lymph, blood) had a 
small fraction of cells with unusual 



"tree-like" or "dendritic" processes. 
These distinctive cells had not been 
recognized previously and they proved 
to have distinct functions. Most impor- 
tantly, DCs were potent inducers of 
immunity even in animals, not just the 
lest lube, and now even in patients 
(reviewed in references 1-3). 

The DC field was held back by the 
fact that there were so few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



• Rejection of organ transplants and graft-vs.-host disease in bone marrow transplantation 

• Resistance to many infections including vaccine design 

• Vaccines against tumors and immune therapies for existing tumors 

• Allergy 

• AIDS 

• Autoimmune diseases like insulin-dependent (juvenile) diabetes, multiple sclerosis, 
rheumatoid arthritis and psoriasis ' 
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Fig. 1. A key function of dendritic cells. Antigens within tumors, transplants and infectious 
agents need to be presented by DCs to become immunogens, i.e., to make T cells begin to 
grow and exhibit their helper and killer functions. 



to other players in the immune system 
such as B cells, T cells and 
macrophages. Tn reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout the T cell-rich regions and 
physically outnumber any given anti- 
gen-reactive T cell by at least 1 00 to 1 . 
The DC field was also held back 
because many thought that the cells 
were no different from macrophages, 
thus keeping investigators from work- 
ing on the active DCs. In reality, DCs 
were identified on the basis of pro- 
found differences from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
microbes and tumors, but instead rec- 
ognize fragmented or processed pro- 
teins, that is, peptides. The processing 
of protein antigens into peptides occurs 
within cells, and then the peptides are 



(later shown to be MHC-pcptide coin- ■ 
plexcs) become immunogenic when 
presented by DCs. 4 In other words,! 
transplantation antigens when present- 1 
ed on many cell types are weak 
immunogens, but on DCs they become | 
powerful inducers of immunity. 4 The I 
same is true of peptides that become ' 
much more immunogenic when pre- 
sented on DCs. DCs activate T cells by I 
getting them to divide and express their | 
helper and killer functions. Then the 
activated T cells interact with other - 
antigen-presenting cells to eliminate I 
the antigen in question. DCs are also' 
called "nature's adjuvant," because 
prior adjuvants were artificial sub- 1 
stances used to enhance immunity. The | 
DC advantage entails a myriad of func- 
tions, some of which will be consid- . 
cred below. 



displayed or presented at the cell sur- 
face affixed to products of the major 
histocompatibility complex (MHC). 
The ensuing interaction between a T- 
cell receptor (TCR) and its specific 
MHC-peptidc complex allows a T cell 
to detect peptides formed within cells 
in transplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
stances recognized by the immune sys- 
tem, while "immunogens" refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunogens arc 
not one and the same (Fig. I). Even 
preproccssed peptides and MHC-pep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawan the great scientist 
who discovered the immune basis of 
transplantation. He spent many years 
trying to purify functioning transplan- 
tation antigens. These efforts were to 
little avail. 

What was not known in Medawar's 
time is that transplantation antigens 



Potency of dendritic cells 
in initiating immunity 
in tissue culture 

What are some specific features of 
DCs that warrant attention? The first is 
their potency. Very small numbers of 
DCs are sufficient to trigger strong T- 
cell responses in test tubes. Immune 
assays are generally carried out with 
impure antigen-presenting cells, 
applied at a dose of one presenting cell 
for every T cell, the latter often preac- 
tivated. In contrast, roughly one DC 
per 30-1 00 T cells is more than suffi- 
cient to induce optimal responses, 
including responses by resting T cells. 
A single DC can simultaneously acti- 
vate 10-20 T cells nestled within its 
sheet-like processes. Therefore, DCs 
arc more than antigen-presenting cells; 
they are accessories or adjuvants or 
catalysts for triggering and controlling 
immunity. 

It has always been clear lhal the 
accessory function of DCs did not 
depend exclusively on their capacity to 
process antigens to form MHC-pcp- 
tide complexes. This is because the 
stimuli thai were used to define the 
potency and immune-activating role of 
DCs did not require that the DCs 
process an applied antigen. Such stim- 
uli included major transplantation anti- 
gens, mitogens, contact allergens, anti- 
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Fig. 2. Distribution of dendritic cells in situ. DCs at body surfaces and in solid organs can 
pick up antigens, move to the lymphoid tissues to lind antigen-specific T cells and initiate 
immunity. Molecular mechanisms are being uncovered that govern the mobilization, matu- 
ration, migration and mortality of these DCs. In the lymph node, T lymphocytes are select- 
ed for expansion and differentiation into helper and killer T cells. The activated T cells then 
leave the lymph node to return to the body surface or peripheral organ to eliminate the anti- 
gen. 



T-cell antibodies and supcrantigens. 
Furthermore, once resting T cells were 
activated by DCs, the T cells respond- 
ed vigorously to antigens presented by 
other cell types, showing that the latter 
were not deficient in forming ligands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

The word "accessory" has since 
been replaced by the terms "profes- 
sional" and "co-stimulatory," but the 
basic concept is unchanged by shifting 
terminology. T cells need stimuli other 
than their specific trigger or ligand 
(MHC-peptide complexes) to begin to 
grow and function, for example, to pro- 
duce the inlcrlcukins and killer mole- 
cules mentioned above. DCs are potent 
in providing the needed accessory or 
co-stimulatory functions. For example, 
DCs produce an adhesion molecule 
called DC-SIGN that binds to a target 
on resting T cells called 1CAM-3, 5 and 
DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
binds to CD28 on resting T cells/ 1 
These are but two examples of the spe- 
cialized activities of DCs. These cells 
do not operate as a single magic bullet. 

Position of dendritic cells 
In vivo 

Another special feature of DCs is 
their location and movement in the 
body. As criteria were developed to 
identify DCs, it became feasible to go 
back into the animal and patient to look 
for the corresponding cells in different 
tissues. DCs are stationed at surfaces 
where antigens gain access to the body 
(Fig. 2, left). The skin and the airway 
have been the best studied. DCs are 
found in afferent lymphatic vessels, 
special channels that allow cells to 
move from peripheral tissues to lym- 
phoid organs, primarily the T-cell areas 
(Fig, 2, middle and right). This migra- 
tion is most readily observed in models 
of skin transplantation and contact 
allergy, which are the two most power- 
ful immune responses known. 

DC migration is likely to be very 
important. The body's pool of T cells 
primarily traffics through' the T-cell 
areas of lymph nodes, rather than 



through tissues where antigens arc usu- 
ally deposited. So when DCs capture 
antigens in the skin, airway or another 
peripheral tissue, their migration to the 
T-cell areas gives them a chance to 
select the corresponding rare specific T 
cells from the assembled repertoire 
(Fig. 2). The selected T ceils then 
increase in numbers (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very small. Only one in 
10,000-100,000 ofTcells in the reper- 
toire responds to a specific MHC-pep- 
lide complex. Therefore, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in the periphery and then 
initiate the immune response from rare 
T-cell clones in lymphoid organs. 

The events that make up the life 
history of DCs (Figs. 2 and 3) are now 
being unraveled in molecular terms. 
For example, scientists arc figuring out 
how to expand antigen-capturing pre- 
cursors to DCs using Ht3 ligand and 
granulocyte colony-stimulating factor 
(G-CSF). Key players for the mobi- 
lization of DCs from the periphery to 
lymph nodes are the multidrug resis- 
tance receptors, usually studied for 
their capacity to mediate resistance to 
chemothcrapeutic agents rather, than 



movement of DCs. Migration of DCs 
is controlled by chemokines produced 
in the lymphatic vessels and lymphoid 
organs (Fig, 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of the tumor necrosis 
factor (TNF) and TNF-receptbr fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrleukin- 1 2. The TNF 
family also maintains DC viability. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating immunity. 

Priming of T-cell immunity 
via dendritic cells 

Animal studies 

During the early research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle, 
skin, intestine and airway), DCs were 
the major reservoir of immunogen. 
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span is prolonged by TNF-family molecules expressed by the activated T cells. 



Next, DCs were used as nature's 
adjuvant to immunize animals. The 
DCs were taken from mice or rats, 
exposed to antigens ex vivo and inject- 
ed back into immunologically naive 
recipients. The animals became immu- 
nized to the antigens that had been cap- 
tured by the DCs, and the immuniza- 
tion took place in the lymph nodes 
draining the site of DC injection. 
Genetic proof was provided that the 
DCs were priming the animal directly 
and not simply handing off their anti- 
gen to other cells. 7,8 

DC-based immunization is really 
very different from all prior attempts at 
cell therapy. Immunology has had 
extensive experience with "passive 
immunization" whereby a recipient is 
given large numbers of cells that are 
activated prior lo injection. It is hard to 
produce such large numbers of cells, 
and their lifespan, diversity and effica- 
cy arc all finite. In contrast, when rela- 
tively small numbers of antigen- 
charged DCs are used to induce 
immunity, this produces "active immu- 
nization." Now the animals (and 
patients, see below) can make their 
own diverse and longer lasting 
immune response to the antigen-bear- 
ing DCs. 

Human studies 

The above experiments made it 
clear that DCs, pulsed ex vivo with 
antigens, actively immunized animals 
and raised the exciting possibility that 
scientists would be able to induce resis- 
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Fiq 4 The use of dendritic cells as adjuvants for enhancing immunity to tumors and infec- Mj 
tious agents in humans. This new form of immune therapy begins with the isolation of DC^ 
precursors from the patient, usually from blood. The precursors develop ex wvo (in relative- 
ly simple tissue culture systems) into large numbers of more mature DCs Dunng this time, 
the DCs are charged with antigens from the tumor or infection. Then the DCs are reinf used _ 
to elicit immunity and thereby resistance to the disease. ■ 



tance to tumors, infections and trans- 
plants in patients. For example, could 
one expose patients' DCs ex vivo to 
antigens in their tumors and then rein- 
fuse the antigen-bearing DCs to elicit 
tumor-specific immunity (Fig. 4)? This 
approach is actually not terribly com- 
plicated, but one first had to overcome 
a major obstacle and leam to generate 
large numbers of DCs. These tech- 
niques became available in the 1990s. 
They have energi/.ed the field and, 
accordingly, clinical trials, for the 
immunization of humans against can- 
cer have begun on most continents. 



It is evident that DCs can serve as JB 
adjuvants for humans, converting anti- 
gens into immunogens. 9J0 Even in 
advanced cancer, immune responses J| 
already have been observed that are" 
similar to or better than immune 
responses obtained with other H 
approaches. However, this approach is p 
still in its preliminary stages, since a 
good deal of science remains to be ^ 
developed. On the one hand, there arc | 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have ovcr-lj 
!<x>ked key features that could improve ■ 
DC function, such as the need for DCs 
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to be sufficiently mature (see below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spe- 
cific tumors and pathogens and 
patients for DC-based therapies to be 
optimized. 

To summarize and further illustrate 
the role of DCs in the context of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma, or for a virus like HIV- 1 
whose genetic sequence has been 
available for more than 15 years. 
However, this knowledge about anti- 
gens from melanoma and HIV- 1 anti- 
gens remains to be converted into 
methods that provide better immuno- 
gens either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some impor- 
tant facts of immunological life are 
being overlooked. When antigens are 
injected, they also need to gain access 
to the right DCs to become immuno- 
gens (Fig. I). 

Delivering antigens 
to dendritic cells 

Broadly speaking, a central goal is 
to learn how to deliver or "target" anti- 
gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent state. These " two chah 
lenges, antigen targeting and DC mat- 
uration, prove to be intertwined. 

Targeting means that the antigen 
should be in a form that the DCs can 
recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-peptide com- 
plexes is suboptimal. DCs have a num- 
ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (Table II). 
For example, DCs have a receptor 
called DEC-205 whose binding part- 
ners or ligands are still unknown. 
Nonetheless, it is clear that DEC-205 
greatly increases the capacity of DCs 
to form MHC-peptide complexes." 
DCs also carry out a fascinating 
process called "cross-presentation." 
DCs can take up dying cells and effi- 



TABLE II: DENDRITIC CELL SPECIALIZATION TO INCREASE MHC-PEPTIDE 
COMPLEX FORMATION 

• Receptors for antigen uptake, e.g., DEC-205 

• Processing of dying cells, nonreplicating microbes and immune complexes onto MHC class 
I ("cross-presentation") 

• Regulation of antigen processing by maturation stimuli 

• Clustering of T-cell receptor ligands with co-stimulators like CD86 



ciently extract peptides from them, so 
antigens "cross" from the dying cejl to 
the DC. The discoverers of this phe- 
nomenon called it "resurrecting the 
dead." 12 Cross-presentation allows 
DCs to efficiently form MHC-peptide 
complexes from dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or tumor cell, into 
peptides that bind to an individual's 
MHC products. The latter are excep- 
tionally polymorphic, differing geneti- 
cally from one individual to another. 
As a result, the relevant immunizing 
peptides differ from one individual to 
another. One reason why peptides are 
not ideal immunogens is that they must 
be individualized. DCs, in contrast, can 
capture antigens with high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory or co-stimulatory properties 
for converting the selected peptides 
("antigens") into effective immuno- 
gens. A third DC advantage is that 
these cells position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
vivo (Fig. 2). DCs thus overcome many 
of the difficult obstacles in initialing 
immunity. 

In order for an antigen to be a 
strong immunogen, one needs to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DCs (Fig. 3). 
Most DCs in the body are in an imma- 
ture state and lack many features that 
lead to a strong T-cell response. 



Immature DCs, Tor example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Immature DCs also lack a chemokine 
receptor called CCR7 that seems very 
important for proper migration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide matura- 
tion stimuli. Tumors may even block 
DC maturation induced by other stim- 
uli. Therefore it is important to learn 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- 
tive antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table II). Immature 
DCs take up antigens, but they do not 
make abundant MHC-peptide com- 
plexes until they receive a maturation 
stimulus. 13,14 Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 actually travels together with the 
TCR ligands to the surface of the. DCs. 
At the DC surface, the MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery for T-cell . 
activation juxtaposed. This phenome- 
non will help explain the potency of 
DCs, because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control points beyond 
antigen targeting and 
maturation of DCs 

Research on DCs is moving more 
vigorously, because the cells are more 
readily available and because their role 
in the immune system is considered 
essential. Nonetheless, researchers in 
this field are just beginning to find 
ways to manipulate DCs in situ. 
Putting together an antigen that targets 
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to DCs with a stimulus for DC matura- 
tion will be a major step in improving 
the conversion of antigens into 
immunogcns, as in immune-based 
therapies against tumors and infectious 
agents. 

Additional challenges and ques- 
tions are evident: 

• How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
memory to make vaccination long 
lasting and effective (we have only 
been reviewing the role of DCs in the 
initiation of immunity)? 

• Can DCs change the quality of the 
immune response? "Quality" refers 
to recent evidence for different types 
of DCs, especially a subset that 
induces Thl-type T cells for resis- 
tance to infectious agents and strong 
memory. 

• Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to either regulate or 
tolerize the immune system, as fre- 
quently required in transplantation 
and autoimmune diseases? 

• Can DCs influence elements of the 
immune system other than T cells; 
for example, B cells and the innate 
defenses provided by natural killer 
(NK) and NK-T cells? 

The answer to all these questions is 
a preliminary "yes." As research on 
DCs expands, more potential functions 
and more sites for their manipulation 
are becoming apparent. 



Dendritic cells and better 
control of disease 

. DCs provide important avenues for 
the investigation of human disease. 
Many labs are exploiting DCs to iden- 
tify antigens relevant for immunity 
against human pathogens. In these 
experiments, one introduces complex 
but clinically important antigens to 
DCs and then identifies which compo- 
nents are best presented to the immune 
system. We have recently used this 
approach to identify previously un- 
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known immune responses to the 
Epstein-Barr virus, iS a virus we all 
carry that has the potential to cause 
cancer like HodgkirTs lymphoma. 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplants and in 
cancers like melanoma. 

Investigators are also manipulating 
DCs ex vivo and then reinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active immu- 
nization against cancer is being vigor- 
ously pursued, as mentioned above. 
Instead of manipulating DCs ex vivo, a 
more desirable goal would be able to 
alter DCs directly in situ. Some 
approaches arc under way. An example 
is the injection or cytokines like flt3 
ligand and G-CSF to mobilize various 
precursor populations of DCs. One 
should also develop methods to control 
DC mobilization, migration and matu- 
ration. In sum, DCs are allowing sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ease. 
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ABSTRACT Cytotoxic lymphocyte maturation factor 
(CLMF) is a disulflde-bonded heterodimeric lymphokine that 
(0 acts as a growth factor for activated T cells independent of 
Interleukin 2 and (ii) synergizes with suboptimal concentre* 
dons of interleukin 2 to Induce lymphokine-actlvated killer 
ceils. We now report the cloning and expression of both human 
CLMF subunit cDNAs from a Iymphoblastoid B-cell line, 
NC-37. The two subunits represent two distinct and unrelated 
gene products whose mRNAs are coordinately induced upon 
activation of NC-37 cells. Coexpression of the two subunit 
cDNAs in COS cells is necessary for the secretion of biologically 
active CLMF; COS cells transfected with either subunit cDNA 
alone do not secrete bioactive CLMF. Recombinant CLMF 
expressed in mammalian cells displays biologic activities es- 
sentially identical to natural CLMF, and its activities can be 
neutralized by monoclonal antibodies prepared against natural 
CLMF. Since this heterodimeric protein displays the properties 
of an interleukin, we propose that CLMF be given the desig- 
nation interleukin 12. 



The molecular cloning and expression of recombinant cyto- 
kines has made possible both significant advances in our 
understanding of the molecular basis of immune responses 
and the development of new approaches to the treatment of 
disease states. As an example, recombinant interleukin 2 
(recombinant IL-2) has been shown to be capable of causing 
regression of established tumors in both experimental ani- 
mals (1) and in man (2); however, its clinical use has been 
associated with significant toxicity (2). One potential ap- 
proach to improving the therapeutic utility of recombinant 
cytokines is to use them in combination (3, 4). With this 
concept in mind, we initiated a search for novel cytokines 
that would synergize with suboptimal concentrations of re- 
combinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic immunoenhancing effects 
when administered together with recombinant IL-2 in vivo. 
This led to the identification of a factor, designated cytotoxic 
lymphocyte maturation factor (CLMF), that synergized with 
recombinant IL-2 to facilitate the generation of both cytolytic 
T lymphocytes (CTLs) and lymphokine-activated killer 
(LAK) cells in vitro (5, 6). CLMF was subsequently purified 
to homogeneity from a human Iymphoblastoid B-cell line 
(NC-37) and was shown to be a 75-kDa disulflde-bonded 
heterodimer composed of two subunits with molecular 
masses of 40 kDa and 35 kDa (7).' We now report the 
molecular cloning and expression of CLMF. 
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MATERIALS AND METHODS 

cDNA Cloning. A subline of NC-37 cells selected for its 
ability to produce high levels of CLMF (7), NC-37.98, was 
induced with phorbol 12-myristate 13-acetate (PMA) and 
calcium ionophore A23187 for 16 hr. PoIy(A) + RNA was 
isolated, and random hexamer-primed cDNA libraries were 
established in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PCR) using controlled 
ramp times (8) was performed as follows. PCR primers 
contained all possible codons and were 14 or 15 nucleotides 
long (Fig. 1) with a 5' extension of 9 nucleotides containing 
an £coRI site for subcloning. Degeneracies varied from 1 in 
32 to 1 in 4096; 0.5-4 pmol per permutation of forward and 
reverse primer was used in a 50- to 100-pl PCR mixture with 
40 ng of cDNA made from NC-37.98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa subunit) or with 
3 fig of human genomic DNA (35-kDa subunit). PCR cycling 
parameters were as follows. Initial denaturation was at 95°C 
for 7 min. Low-stringency annealing was performed by 
cooling to 37°C over 2 min, incubating 2 min at 37°C> heating 
to 72°C over 2.5 min, extending at 72°C for 1.5 min, heating 
to 95°C over 1 min, and denaturing at 95°C for 1 min. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 standard cycles (35-kDa subunit) were per- 
formed as follows: 95°C for 1 min, 55°C for 2 min, and 72°C 
for 2 min. Final extension was at 72°C for 10 min. "Ampli- 
cons" of the expected size were gel-purified, subcloned, and 
sequenced. The 40-kDa subunit cDNAs were isolated by 
hybridizing the 54-mer amplicon in 5x SSC (lx SSC - 0.15 
M NaCI/0.015 M sodium citrate, pH 7) containing 20% 
formamide at 37°C overnight. Filters were washed in 2x SSC 
at 42°C for 30 min and exposed to x-ray film. The" 35-kDa 
subunit cDNAs were isolated by hybridizing the 51-mer 
amplicon in 5x SSC/20% formamide at 37°C overnight. The 
filters were washed in 2 x SSC at 40°C for 30 min and exposed 
to x-ray film. Positive clones were plaque-purified, their 
inserts were, subcloned into the pBluescript plasmid, and 
their sequences were determined by using Sequenase. 

Expression. cDNAs were separately engineered for expres- 
sion in vectors containing the simian vims 40 early promotor 
essentially as described (9). COS cells were transfected with 
both CLMF subunit expression plasmids mixed together or 



Abbreviations: CLMF, cytotoxic lymphocyte maturation factor; 
rCLMF and nCLMF, recombinant and natural CLMFs; CTL, cy- 
tolytic T lymphocyte; IL, interleukin; LAK, lymphokine-activated 
killer; PHA, phytohemagglutinin; PMA, phorbol 12-myristate 13- 
acetate; n, natural; PCR, polymerase chain reaction. 
tTo whom reprint requests should be addressed. 
*The cDN A sequences reported in this paper have been deposited in 

the Genbank data base [accession nos. M38443 (35-kDa CLMF 

subunit) and M38444 (40-kDa CLMF subunit)]. 
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> < 

1 MCPARSLLLV ATLVLLDHLS IARNLPVATP DPGMFPCLHH SQNLLRAVSN 

51 MLQKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCLNSR 

101 ETSFITNGSC LASRKTSFMM ALCLSSIYED LKMYQVEFKT MNAKLLMDPK 

151 RQIFUXjNML AVIDELMQAL NFNSETVPQK SSLEEPDFYK TKIKLCILLH 

201 AFRIRAVTID RVTSYLNAS 

> < 

1 MCHQQLVISW FSLVFLASPL VAIWELKKDV YWELDWYPD APGEMWLTC 

51 DTPEEDGITW TLDQSSEVLG SGKTLT1QVK EFGDAGQYTC HKGGEVLSHS 

101 LLLLHKKEDG IWSTDILKDQ KEPKNKTFLR CEAKNYSGRF TCWWLTT1ST 

151 DLTFSVKSSR GSSDPQGVTC GAATLSAERV RGDNKEYEYS VECQEDSACP 

201 AAEESLPIEV MVDAVHKLKY ENYTSSFFIR DIIKPDPPKN LQLKPLKNSR 

251 QVEVSWEYPD TWSTPHSYFS LTFCVQVQGK SKREKKDRVF TDKTSATVIC 

301 RKNAS1SVRA QDRYYSSSWS EWASVPCS 

Fig. 1. Amino acid sequences of the 35-kDa (Upper) and 40-kDa {Lower) CLMF subunits as deduced from the respective cDN As and shown 
in single-letter code. Signal peptides are overiined, cysteine residues are marked by a caret, and N-linked glycosylation sites (NXS, NXT, where 
X is another amino acid) are underlined. The peptide sequences used to generate PGR probes are ovcrlined with arrows indicating the direction 
of amplification. 



with each one separately by the DEAE-dextran method. 
Twenty-four hours after transfection, the serum-containing 
medium was replaced with medium containing Wo Nutri- 
doma-SP (Boehringer Mannheim), and supernatant fluids 
were collected from the cultures after 40 hr. These fluids were 
stored at 4°C until tested in the bioassays. 

General Methods. Standard molecular biological proce- 
dures were used as described (10). CLMF bioassays were 
performed as detailed (7). 

Computer Searches. The National Biomedical Research 
Foundation protein data base (Release 26.0) as well as the 
Genbank and European Molecular Biology Laboratory da- 
tabases (Releases 65.0 and 24.0, respectively) were searched 
for sequences homologous to CLMF cDNAs. The two sub- 
unit sequences were compared to each other using the align 
program (mutation data matrix, break penalty of 6; see ref. 
11). 

RESULTS 

Partial N-terminal amino acid sequences of the two CLMF 
subunits (7) were used to generate completely defined 51- to 
54-base-pair (bp)-long oligonucleotide probes by means of 
mixed primer PCR. These probes were used to screen cDNA 
libraries made from RN A from activated NC-37.98 cells, and 
cDNAs encoding the two subunits were isolated and char- 
acterized. Both cDNAs encode secreted proteins with a 
classical hydrophobic N-terminal signal peptide immediately 
followed by the N terminus of the mature protein as deter- 
mined by protein sequencing (7). Two independent cDNA 
clones for the 40-kDa subunit were shown to be identical. 
Both encode the mature 40-kDa subunit that is composed of 
306 amino acids (calculated M r = 34,699) and contains 10 
cysteine residues and four potential N-linked glycosylation 
sites (Fig. 1). Two of these sites are within isolated tryptic 
peptides derived from the purified 40-kDa CLMF subunit 
protein. Amino acid sequence analysis has shown that Asn- 



222 is glycosylated, whereas Asn-125 is not (Fig. 1; F. 
Podlaski, personal communication). The mature 35-kDa sub- 
unit is composed of 197 amino acids (calculated M x = 22,513), 
with 7 cysteine residues and three potential N-linked glyco- 
sylation sites (Fig. 1). When purified CLMF is reduced with 
2-mercaptoethanol and analyzed by SDS/PAGE, the 35-kDa 
subunit appears to be heterogeneous, suggesting that it may 
be heavily glycosylated (7). Two variants of 35-kDa subunit- 
encoding cDNAs were isolated. The first type had the 
sequence shown in Fig. 1. Additional isolates contained what 
is probably an allelic variation, replacing Thr-213 with a 
methionine residue. 

Computer searches of sequence databases showed that the 
amino acid sequences of the two subunits are not related to 
any known protein. The subunit sequences are also not 
related to each other, since a comparison using the align 
program (11) gave a score of 1.27; only scores >3 are 
considered to indicate significant evolutionary relationship 
(12). The genes encoding the subunits appear to be unique, 
since low- and high-stringency hybridizations of genomic 
blots revealed identical banding patterns (data not shown). 
RNA blots showed the size of the 40-kDa subunit mRNA to 
be 2.4 kb, whereas the 35-kDa subunit was encoded by a 
1.4-kb transcript (Fig. 2). Expression of the two mRNAs 
encoding the subunits was coordinately regulated upon in- 
duction (Fig. 2). When NC-37.98 cells were activated with 
PMA and calcium ionophore for 72 hr, mRNA encoding each 
of the CLMF subunits was minimally detectable at 6 hr after 
the beginning of induction but was readily detected at 24 hr 
and continued to accumulate until maximal levels were 
reached at 72 hr (normalized to GAPDH mRNA levels; see 
the legend to Fig. 2). In contrast, the mRNA for IL-2 in 
activated NC-37.98 cells was already at high levels at 6 hrand 
subsequently decreased, whereas the mRNAs for the low* 
affinity IL-2 receptor (p55) followed the induction pattern 
seen for the CLMF subunits. Scanning of RNA blots also 
revealed that steady-state mRNA levels for the 40-kDa 
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Fig. 2. RNA blots showing the coordinate induction of the 
35-kDa (A) and 40-kDa (0) CLMF subunit mRNAs and IL-2 mRNA 
(C) and its p55 receptor mRNA (0). Poiy(A) + RNA (5 m«) from 
NC-37.98 cells activated with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml were loaded in each lane. Lanes from left 
to right in each panel show RN As isolated 6, 24, 30, 48, and 72 hr after 
induction, respectively. {Upper) Four-day exposures. {Lower) Two- 
hour exposure of the same blots after stripping and rehybridization 
with a GAPDH probe. Marker sizes are in kb (BRL RNA ladder). 

CLMF subunit were severalfold higher than those for the 
35-kDa subunit expressed by the same cells. This finding 
parallels the observation that activated NC-37 cells secrete 
excess free 40-kDa subunit protein (7). The 3' untranslated 
sequences of both CLMF subun it mR NAs contain several 
copies of the octamer motif TTATTTAT (data not shown). 
This sequence is present in other transiently expressed 
mRNAs and is involved in regulating mRNA stability (13). 

Coexpression of the 40-kDa and 35-kDa CLMF subunit 
cDNAs in COS cells was required to generate secreted 
biologically active CLMF (Table 1 and Fig. 3). COS cells 
transfected with cDNA encoding either the 40-kDa subunit 
alone or the 35-kDa subunit alone did not secrete biologically 
active CLMF (Table 1). Mixing media conditioned by COS 



cells that had been separately transfected with one or the 
other of the two CLMF subunit cDNAs also did not give rise 
to bioactive CLMF (Table 1). 

Two types of assays were used to compare rCLMF and 
nCLMF. The first assay measures the proliferation of phy- 
tohemagglutinin (PHA)-activated human peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ergy between CLMF and suboptimal concentrations of IL-2 
in the generation of LAK cells in hydrocortisone-containing 
cultures (7). The data in Fig. 3 show that rCLMF as expressed 
in COS cells and nCLMF as purified from NC-37 cells are 
essentially identical. Dose-response curves for rCLMF and 
nCLMF were superimposable in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock* 
transfected COS cells displayed no activity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

In a previous report (7), we described the purification of a 
heterodimeric cytokine, CLMF, that synergized with low 
amounts of IL-2 to cause the generation of LAK cells in the 
presence of hydrocortisone and stimulated the proliferation 
of activated T cells independent of IL-2. In the present 
report, we have used the N -terminal amino acid sequence 
information previously obtained to clone the two subunit 
cDNAs of CLMF. Protein purification of NC-37 cell line- 
derived CLMF had shown that the protein was composed of 
two disulfide-bonded subunits with different N-terminal 
amino acid sequences (7). However, it was not clear from our 
previous results whether the two subunits were processed 
from one common gene product and whether proteolytic 
posttranslational processing other than signal peptide cleav- 
age was occurring. The molecular cloning and sequencing of 



Table 1. Coexpression of both CLMF subunit cDNAs is required for secretion of biologically 
active CLMF by COS cells 



Addition 


Cone, 
units/ml 


Dilution 


pHJThymidine 
incorporated by 
PHA-activated 
lymphoblasts, mean 
cpm ± 1 SEM 


Cytokine* 








None 






11,744 ± 514 


nCLMF 


200 




68,848 ± 878 


nCLMF 


40 




48,827 ± 605 


nCLMF 


8 




26,828 ± 594 


nCLMF 


1.6 




17,941 ± 196 


Culture fluid from COS cells transfected with 








A. 35-kDa CLMF subunit cDNA 




1:20 


11,912 ± 660 






1:100 


10,876 ± 232 


B. 40-kDa CLMF subunit cDNA 




1:20 


11,699 ± 931 






1:100 


11,666 ± 469 


C. 35-kDa + 40-kDa CLMF subunit cDNAs 




1:20 


58,615 ± 587 






1:100 


38,361 ± 828 


1:1 mix of culture fluids A and B 




l:10t 


11,544 ± 483 






1:50 v 


10.503 ± 259 


CM from mock-transfected control* 




1:20 


11,503 ± 286 






1:100 


10,751 ± 303 



PHA-activated lymphoblasts were prepared from human peripheral blood mononuclear cells as 
described (7). Lymphoblast proliferation was measured in a 48-hr assay (7) in which 2 x 10* 
lymphoblasts were incubated in 100-/U cultures containing the indicated amounts of natural CLMF 
(nCLMF) or COS cell culture fluids. | 5 HJThymidine was added to each culture 18 hr prior to harvest. 
Cone, concentration. 
♦nCLMF is purified NC-37-derived CLMF. 

tl:10 dilution of the 1:1 mixture of culture fluids A and B was equivalent to a 1:20 final dilution of each 
of the individual culture fluids. 

^Conditioned medium (CM) from cultures of mock transfected COS cells, 
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Fig. 3. Comparison of biologic activities of nCLMF (circles) and 
recombinant CLMF (rCLMF. squares). nCLMF was purified from 
NC-37 cell-conditioned media; rCLMF was purified from conditioned 
media from cultures of COS cells transfected with cDNAs encoding the 
40-kDa and 35-kDa human CLMF subunits. {Upper) T-cell growth 
factor assay. The ability of CLMF to stimulate the proliferation of 
human PHA-activated lymphoblasts in 48-hr cultures was assayed as 
described (7). CLMF preparations were mixed with neutralizing rat 
monoclonal anti-human CLMF antibody 4A1 (ref. 7; open symbols) or 
with normal rat IgG (Sigma; rig, closed symbols) at a final concentration 
of 20 Mg of IgG/ml and were incubated for 30 min at 37°C prior to 
addition of PHA blasts. All values are means of triplicate determina- 
tions. {Lower) LAK cell induction assay. The ability of CLMF, alone 
or in combination with recombinant IL-2, to induce the generation of 
LAK cells in 4-day cultures was assessed as described (7). Low-density 
peripheral blood lymphocytes were incubated in the presence of various 
amounts of nCLMF or rCLMF with (closed symbols) or without (open 
symbols) recombinant IL-2 at 7.5 units/ml. Units of CLMF activity 
were based on previous titrations in the T-cell growth factor assay. 
Hydrocortisone sodium succinate (Sigma) was included at a concen- 
tration of 0.1 mM to minimize triggering of endogenous cytokine 
cascades. Lysis of 5l Cr-labeled Daudi cells was assessed at an effector/ 
target ratio of 5:1. The data shown represent the means of quadruplicate 
determinations. The spontaneous 31 Cr release was 20%. 
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the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subunits; rather, 
they are encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units are strikingly similar; differences in predicted versus 
actual molecular weights are accounted for by glycosylation 
(F. Podlaski, personal communication). Thus, the only major 
posttranslational proteolytic event that appears to take place 
in the maturation of the CLMF subunits is signal peptide 
cleavage. 

The kinetics of expression of the individual CLMF subunit 
mRNAs were examined and compared to the expression of 
mRNAs for IL-2 and the IL-2 receptor p55. Previously it had 
been observed that NC-37 cells, like certain murine (14) and 
marmoset (15) B-cell lines, secreted IL-2 when activated 
(M.K.G., unpublished results). RNA blots demonstrated that 
upon activation of NC-37 cells, both CLMF subunit mRNAs 
were coordinately induced with kinetics similar to the IL-2 
receptor (p55) mRNAs. On the other hand, IL-2 mRNA 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the level of IL-2 and CLMF 
bioactivity secreted from NC-37 cells (M.K.G., unpublished 
data), These kinetic differences are consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse, IL-2 appears to act earlier than CLMF (5). 

Transfection studies with COS cells established that only 
coexpression of both subunit cDNAs gives rise to secreted 
bioactive CLMF. Thus, it appears that the two proteins have 
to interact within the endoplasmic reticulum to assemble 
properly into bioactive secreted CLMF. By comparing the 
activity of rCLMF to that of nCLMF in the T-cell growth 
factor and LAK cell induction assays (Fig. 3) and assuming 
that the specific activity of rCLMF is similar to that of 
nCLMF [8 x 10 7 units/mg (7)], we estimate that the amount 
of rCLMF heterodimer produced in these experiments was 
5-50 ng/ml. The finding that COS cells, which are fibroblast- 
like cells, are able to assemble correctly the two CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of the lymphoid 
lineage. 

Western blot analysis using an anti-CLMF antibody spe- 
cific for the 40-kDa subunit has allowed confirmation that (*) 
COS cells transfected with both CLMF subunit cDNAs 
secrete CLMF with the expected heterodimeric structure and 
(it) COS cells transfected with the 40>kDa subunit cDNA 
alone secrete that subunit (F. Podlaski, personal communi- 
cation). Since no bioactivity was detected in media condi- 
tioned by COS cells transfected with only the 40-kDa subunit, 
that subunit by itself appears either to have a much reduced 
specific activity compared with heterodimeric CLMF or to be 
completely inactive. 

Because of the lack of a high-affinity antibody specific for 
the 35-kDa subunit, we have not yet been able to determine 
definitively whether COS cells transfected with only the 
35-kDa subunit cDNA secrete that subunit. Since no bioac- 
tivity was detected in the media, secretion of a bioactive 
35-kDa subunit by itself could be very inefficient; alterna- 
tively, similar to the 40-kDa subunit, the protein could be 
much less active or inactive altogether. Intracellular 35-kDa 
protein in the absence of the other subunit could be inherently 
unstable; there is precedence for this phenomenon, since it 
has been reported that 90% of the /3 chains of lutropin (LH), 
when expressed in the absence of a chains, are retained in the 
endoplasmic reticulum and are slowly degraded (16). Simple 
mixing of media conditioned by COS cells transfected sep- 
arately with either one of the two CLMF subunit cDNAs did 
not yield bioactive CLMF. One possible explanation would 
be that the cells do not secrete the 35-kDa CLMF subunit by 
itself. More likely, our experimental conditions did not allow 
proper heterodimer formation. One would expect that only 
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carefully controlled renaturation and oxidation conditions 
would allow the disulfide bond formation required for gen- 
eration of bioactive CLMF. 

Normal human peripheral blood lymphocytes under the 
appropriate induction conditions produce both CLMF sub- 
unit mRNAs and secrete the active protein (N.N. and 
M.K.G., unpublished data). There is some evidence suggest- 
ing that CLMF is produced predominantly by B cells. In 
preliminary experiments, B-cell mitogens have appeared to 
be more effective than T-cell mitogens in eliciting CLMF 
production from peripheral blood lymphocytes (M.K.G., 
unpublished results). When screening human cell lines for 
their ability to produce CLMF activity (7), we observed that 
four of eight B-cell lines tested produced CLMF after acti- 
vation with PMA and calcium ionophore, whereas none of 
five T-cell lines produced CLMF. Nevertheless, three of 
these T-cell lines secreted large amounts of IL-2 and tumor 
necrosis factor activity after activation (M.K.G., unpub- 
lished results). Likewise, natural killer cell stimuiajory factor 
(NKSF), a heterodimeric cytokine similar or identical to 
CLMF, was isolated from RPMI 8866 lymphoblastoid B cells 
(17). A recent report (18) has indicated that B lymphocytes 
can secrete a cytokine(s) distinct from IL-2 that facilitates 
virus-specific cytolytic T-iymphocyte responses. It is possi- 
ble that CLMF may have been the cytokine active in those 
studies. Thus, although B lymphocytes have not traditionally 
been viewed as cytokine- producing helper cells, it is con- 
ceivable that CLMF production constitutes a novel mecha- 
nism whereby B lymphocytes contribute to the amplification 
of T-lymphocyte responses. In addition to the biologic ac- 
tivities described in this report, CLMF by itself has been 
shown (0 to activate NK cells in an 18-22 hr assay, («) to 
facilitate the generation of specific allogeneic CTL re- 
sponses, and (i/i) to stimulate the secretion of y interferon by 
resting peripheral blood lymphocytes (M.K.G., unpublished 
results). It can also synergize with low concentrations of 
recombinant IL-2 in the latter two assays and in causing the 
proliferation of resting peripheral blood lymphocytes. In 
view of its production by peripheral blood lymphocytes and 
its diverse actions on lymphoid cells, it appears that CLMF 
constitutes a new interleukin. We propose that CLMF be 



given the provisional designation IL-12. The availability of 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology. 
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Immunization With Melan-A Peptide-Pulsed Peripheral Blood 
Mononuclear Cells Plus Recombinant Human Interleukin-12 
Induces Clinical Activity and T-Cell Responses in 

Advanced Melanoma 



By Amy G Peterson, Helena Harlin, and Thomas F. Gajewski 



Purpose : Preclinical studies showed that immunization 
with peripheral blood mononuclear cells (PBMC) loaded 
with tumor antigen peptides plus interleukin-12 (IL-12) in- 
duced CD8+ T-cell responses and tumor rejection. We re- 
cently determined that recombinant human (rh) IL-12 at 30 
to 1 00 ng/kg is effective as a vaccine adjuvant in patients. A 
phase II study of immunization with Melan-A peptide- 
pulsed PBMC + rhlL-12 was conducted in 20 patients with 
advanced melanoma. 

Patients and Methods : Patients were HLA-A2-positive 
and had documented Melan-A expression. Immunization 
was performed every 3 weeks with clinical re-evaluation 
every three cycles. Immune responses were measured by 
EUSpot assay before and after treatment and through the 
first three cycles, and were correlated with clinical outcome. 

Results : Most patients had received prior therapy and had 
visceral metastases. Nonetheless, two patients achieved a 



complete response, five patients achieved a minor or mixed 
response, and four patients had stable disease. The median 
survival was 12.25 months for all patients and was not yet 
reached for those with a normal lactate dehydrogenase. There 
were.no grade 3 or 4 toxicities. Measurement of specific CD8+ 
T-cell responses by direct ex vivo EUSpot revealed a significant 
increase in interferon gamma-producing T cells against 
Melan-A (P = .015) after vaccination, but not against an 
Epstein-Barr virus control peptide (P = .86). There was a 
correlation between the magnitude of the increase in Melan- 
A-specrfic ceils and clinical response (P = .046). 

Conclusion : This immunization approach may be more 
straightforward than dendritic cell strategies and seems 
to have clinical activity that can be correlated to a biologic 
end point. . 

J Clin Oncol 21:2342-2348. © 2003 by American 
Society of Clinical Oncology. 



MOST MELANOMA tumors express antigens that can be 
recognized by CD8 + T cells. 1,2 Nonetheless, tumors 
frequently escape immune destruction, either from a failure to 
generate an optimal tumor antigen-specific T-cell response or 
from development of resistance to the T-cell response induced. 
One strategy to overcome the former hurdle is through active 
immunization, the opportunity for which has been facilitated by 
the molecular definition of melanoma antigens. 3 Specific CD8 + 
T cells that are properly activated can home to tumor sites and 
kill tumor cells, to the extent to which they can overcome 
negative immunoregulatory pathways and tumor resistance. 4 

The optimal immunization strategy for inducing tumor 
antigen-specific CD8 + effector T cells in humans remains 
undefined. However, antigen-presenting cell-based strategies 
have shown promise. Both monocyte-derived 5,6 and bone mar- 
row-derived 7 dendritic cells (DCs) have been loaded with 
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melanoma tumor antigens and administered in the advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that are more straightfor- 
ward yet equally as effective would be useful. One cofactor 
produced by DCs that contributes to their efficacy is interleu- 
kin-12 (IL-12), which facilitates the induction of interferon 
gamma (IFN-'y)-producing cytolytic effector cells. 8 * 10 Endoge- 
nous IL-12 seems necessary for optimal rejection of immuno- 
genic murine tumors 1 1,12 and provision of exogenous IL-12, 
either alone 13 or combined with tumor antigen-based vac- 
cines, 14 " 19 can induce rejection of pre-established tumors in 
murine models. We previously have shown that coadministration 
of IL-12 with peripheral blood mononuclear cells (PBMCs) 
loaded with tumor antigen peptides induced specific cytolytic 
T-lymphocyte responses and tumor protection in mice, circum- 
venting the need to generate dendritic cells. 20 The ease by which 
PBMC can be isolated from patients has made this an attractive 
approach for clinical translation. We recently conducted a phase 
I clinical study to determine the dose of recombinant human (rh) 
IL-12 necessary to induce T-cell responses in combination with 
antigen-loaded PBMCs, and found that doses from 30 to 100 
ng/kg administered subcutaneously (sc) at the vaccine site were 
optimal and well tolerated. 21 The effective range of doses 
indicated that a straight dose of 4 /ig might be used. 

In this article, we describe results of a phase II clinical study 
of immunization with Melan-A/MART- 1 3 peptide-pulsed autol- 
ogous PBMCs + rhIL-12 in HLA-A2-positive patients with 
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advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELI Spot assay. We show that this vaccine 
approach had clinical activity and that the magnitude of in- 
creased T-cell response correlated with clinical outcome. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

This was an open-label, nonrandomized, single-institution study of 
' Melan-A peptide-pulsed autologous PBMCs -f rhIL- 1 2. 4 The protocol was 
approved by the University of Chicago Institutional Review Board and all 
patients signed written informed consent. Patients who were both HLA-A2- 
positive and showed Melan-A tumor expression by reverse transcriptase 
polymerase chain reaction (RT-PCR) were considered for inclusion. Addi- 
tional inclusion criteria were life expectancy more than 12 weeks, Karnofsky 
performance status &70, and adequate hematopoietic, renal, and hepatic 
function. Delayed-type hypersensitivity (DTH) skin testing was performed 
against mumps, Candida, and Trichophyton, not for eligibility but to correlate 
subsequently with clinical outcome and immunization potential. Patients 
were excluded if they had severe cardiovascular disease or arrhythmia, were 
pregnant or nursing, had biologic therapy received within 4 weeks, tested 
positive for hepatitis B surface antigen or human immunodeficiency virus 
(HIV), had clinically significant autoimmune disease or any illness requiring 
immunosuppressive therapy, had a psychiatric illness that would interfere 
with patient compliance and informed consent, had active gastrointestinal 
bleeding or uncontrolled peptic ulcer disease, or had uncontrolled brain 
metastases. Patients with treated brain metastases who were clinically and 
radiographically stable and did not require corticosteroids were allowed to 
enter onto the trial. 

Patient Characteristics 

Twenty patients with metastatic melanoma were enrolled after giving 
written informed consent. Patient characteristics are outlined in Table 1. All 
patients had advanced disease; the majority had at least three sites of 
metastasis, 60% of which were visceral (ie, noncutaneous and nonpulmonaxy 
metastases). Approximately two thirds of the patients had received prior 
therapy, and 10 patients had an elevated lactate dehydrogenase (LDH) level, 
which is an important negative prognostic factor. 22 Only 45% were positive 
for at least one recall antigen (mumps, Candida, or Trichophytin) by DTH 
skin testing. 

RT-PCR Analysis 

' RNA was isolated from fresh tumor cells using guanidine and cesium 
chloride. cDNA was synthesized and PCR was performed for Melan-A 
•and beta-actin using the primer pairs and reaction conditions described 
previously. 21 Control reactions without reverse transcriptase were per- 
formed to rule out a contribution of genomic DNA. PCR products were 
visualized using a 1.5% ethidium bromide-stained agarose gel. No formal 
quantitation was performed. 

Vaccine Preparation 

Therapy consisted initially of three 21 -day cycles. Vaccinations were 
given on the first day of each cycle and rhIL-12 was administered subcuta- 
neously on days 1, 3, and 5. Approximately 100 to 150 mL of peripheral 
blood from patients was collected on day 1 of each cycle into heparinized 
60-mL syringes using sterile technique. PBMCs were isolated over a 
Lymphoprep gradient (Lymphoprep; Axis-Shield PoC, Oslo, Norway), 
counted, washed, and resuspended in Dulbecco's phosphate-buffered saline 
(DPBS) at 40 X 1 0 6 cells/mL. At least 1 0 X 1 0 6 cells from each sample were 
cryopreserved to prepare CD8 + and CD8~ fractions for subsequent correl- 
ative immunologic studies. The Melan-A 27 „ 33 peptide (AAGIGILTV) was 
produced according to good manufacturing practice standards by Multiple 
Peptide Systems (San Diego, CA) and provided in lyophilized vials. Aliquots 
of peptide were prepared at 5 mmoI/L in dimethyl sulfoxide and stored at 



Table 1 . Patient Characteristics 



Patients (n « 20) 





NO. 




» 


Age, years 








Median 




58 




Range 




35-79 




Sex 








Male 


9 




45 


Female 


11 




55 


Kamofslcy performance status (ECOG) 








90%*100%(0) 


10 




50 


70%-80%(l) 


9 




45 


cm-70% (2J 


1 




5 


No, of metastatic sites 








1 


2 




10 


2 




None, 




&3 


18 




90 


location of metastases 








Visceral 


13 




65 


Brain (treated) 


4 




20 


Prior therapy 








None 


6 




30 


Chemotherapy or immunotherapy 


7 




35 


As onfy prior therapy 


5 




25 


Chemotherapy 


1 




5 


As only prior therapy 


1 




5 


Immunotherapy 


4 




20 


As only prior therapy 


1 




5 


Other* 


2 




10 


As only prior therapy 




None 




Adjuvant IFN-a 


5 




25 


As only prior therapy 


3 




15 


Elevated LDH 


10 




50 


DTH recall positive 


9 




45 



Abbreviations: ECOG, Eastern Cooperative Oncology Group; IFN-a, interferon 
alfa-2b; LDH, lactate dehydrogenase; DTH, delayed-type hypersensitivity, 

'Experimental therapy other than a melanoma vaccine, immunomodulatory 
cytokine, or chemotherapy. 



-80°C for up to 3 months. Peptide preparations were quality controlled for 
HLA-A2 binding, sterility, and identity by high-performance liquid chroma- 
tography and mass spectrometry. An aliquot of peptide was diluted to 20 
pxnoVL in DPBS and mixed with an equal volume of patient PBMCs (final 
peptide concentration, 10 jxmol/L; target number of PBMCs, 10 8 ) followed 
by incubation at 37°C for 1 hour in 10 mL DPBS. The cells were then 
irradiated (20 Gy), washed in DPBS, and resuspended in I mL DPBS. The 
suspension of pepu'de-loaded PBMCs was injected sc using a I-mL syringe 
and a 2 1 -gauge needle, divided evenly into two sites. Preferred sites were 
those near draining lymph node basins.but not near a tumor mass. The actual 
number of PBMCs administered per vaccine ranged from 78 to 100 X 10 6 . 

rhIL-12 was provided by Genetics Institute (Cambridge, MA) as a 
lyophilized powder of 10 /tg under vacuum. Each vial was intended for 
single use only and was stored as a powder in our research pharmacy at 2 to 
8°C until reconstituted with sterile water for injection. Once reconstituted, 
rhIL-12 was loaded into 3-mL syringes and used within 4 hours. rhIL-12 (4 
p,g) was administered sc with a 25-gauge needle just after pulsed PBMC 
inoculation and immediately adjacent to one of the two immunization sites 
on days 1, 3, and 5. The same approximate location was used for each 
injection of peptide-pulsed PBMCs and rhIL-12 for each cycle. 

Toxicity Assessment and Criteria for Clinical Response 

Toxicities were determined using the National Cancer Institute common 
toxicity criteria scale version 2.0. A complete response (CR) was assigned if 
there was disappearance of all lesions without the appearance of any new 
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lesions; a partial response (PR) was defined as & 50% reduction in total 
tumor volume; a minor response (MR) was defined as less than 50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
new lesions appeared, any tumor reappeared, or if a 25% increase in tumor 
area was observed; a mixed response was assigned if at least one tumor 
decreased in size with other or new tumors growing; stable disease (SD) was 
anything that did not fit the aforementioned criteria. When possible, 
cutaneous lesions were photographed. 

CD8+ T-Cell Preparation 

CD8 + and CD8 T fractions from PBMC were isolated at the time of 
preparation of each vaccine and cryopreserved until analysis in batch 
fashion. CD8 + T lymphocytes were isolated by positive selection using CD8 
✓ microbeads and magnetic columns (MACS system; Miltenyi Biotech, 
Auburn, CA). The unbound CD8~ fraction was cryopreserved for use as 
antigen-presenting cells for in vitro expansion of specific CD8 + T cells. 
Although the primary ELISpot analysis was performed directly with thawed 
cells, a secondary assay was carried out after in vitro expansion. For in 
vitro expansion, CDS' cells were thawed from each time point and pooled, 
pulsed with 50 ftmol/L Melan-A peptide in serum-free Iscove's modified 
Dulbecco's medium (IMDM) with beta r microglobulin, irradiated (3,000 
rad), washed, and plated at 2 X 10 6 cells/well in 24-well plates. CD8 + T cells 
were thawed and cultured with the irradiated CD 8" cells at 4 X 10 5 cells/well 
in IMDM medium containing 10% human AB serum. After 5 days, the cells 
were collected and plated with a new batch of Melan-A-pulsed irradiated CD8~ 
cells. After an additional 5 days the cells were collected and tested 

EUSpot Assays 

Briefly, 96-well membrane bottomed plates (MAHA S4510; Millipore, 
Bedford, MA) were coated with 15 jig/mL of antihuman IFN-y antibody 
(Mabtech, Cincinnati, OH) in PBS. The plates were washed and CD8 + T 
cells, either freshly thawed at 5 X 10 4 cells/well or after in vitro expansion 
at 5 X 10 3 cells/well, were plated in triplicate in IMDM medium with 10% 
human AB serum. T2 cells (transporter associated with antigen processing- 
deficient cell line, American Type Culture Collection no. CRI 1992) were 
pulsed for 1 hour at 37°C with 50 jimol/L peptide (either derived from HIV 
[ILJCEPVHGV], Epstein-Barr virus [EBV; GLCTLVAML], or Melan-A 
[AAGIGILTV]), washed, and plated at a 5-to-l ratio to the T cells. A 
replicate of CD8 + T cells was stimulated with PMA (phorbol 12-myristate 
13-acetate) (50 ng/mL) + ionomycin (0.5 jig/mL) as a positive control. After 
24 hours, the cells were removed by washing with PBS + 0.05% Tween 
(wash buffer), and biotinylated antihuman IFN-y antibody was added in PBS 
+ 0.5% fetal calf serum. The plates were incubated for 2 to 4 hours at room 
temperature, washed, and streptavidin-alkaline phosphatase was added for 1 
hour at room temperature. The plates were then washed, BC1P-NBT 
(5-bromo-4-chloro-3-indolyl phosphate/nitro-blue tetrazolium) was added, 
and the plates were finally washed with water and allowed to air dry. Plates 
were scanned with an ELISpot reader (CTL Technologies, Cleveland, OH) 
and the number of spots per well was enumerated after the background was 
set on the basis of wells that had been incubated with medium alone; spot 
separation was adjusted using Immunospot software (CTL Technologies). 
For each sample, the number of T cells producing IFN-y in response to EBV 
or Melan-A peptides was determined by subtracting the number of spots seen 
in response to HIV peptide. The mean and SD were determined for each 
triplicate sample. After immunization, the time point at which peak frequen- 
cies among the first three cycles were observed was used for data analysis. 

Statistical Analysis 

Comparisons between pre- and post-ELISpot frequencies were performed 
using a paired t test, and comparisons of augmented ELISpot frequencies 
between responders and nonresponders were made using an unpaired 
two-sided I test. Correlations between various dichotomous variables and 
clinical outcome were made using Fisher's exact test (two-sided)* Survival 
data were determined using the Kaplan-Meier method, with differences 
among subgroups assessed by the log-rank test. All analyses were performed 
using SPSS software (version 8.0; SPSS Inc, Chicago, IL). 



Table 2. Adverse Events 



Adverse Event 


Grade 1 


Grade 2 


Grodo 3 


Fatigue 


16 


0 


0 


Anorexia 


6 


0 


0 


Fever 


7 


0 


0 


Rash 


3 


0 


0 


Headache 


3 


0 


0 


Nausea 


2 


0 


0 


Injection site reaction 


5 


0 


0 


Neutropenia 


1 


2 


0 


Thrombocytopenia 


2 


0 


0 


Hepatic 


5 


2 


0 


Creatinine 


1 


0 


0 



NOTE. Adverse events were -determined using the National Cancer 
Institute common toxicity criteria scale version 2.0. 



RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of immunization on day 1 and sc 
rhIL-12 administration on days 1, 3, and 5, as described in 
Methods. Three cycles constituted one course of therapy and 
patients were evaluated for response after each course. Patients 
were observed as inpatients in our General Clinical Research 
Center for the first 24 hours of each cycle. 

Adverse reactions are listed in Table 2. All but one patient 
completed at least three cycles of therapy. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia and two 
patients had grade 2 ALT or AST elevations, which were reversible. 
The most common adverse reactions were fatigue and fever. 

Clinical Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%. In addition, four 
patients (20%) had a mixed response, one patient (5%) had an MR, 
four patients (20%) had SD, and the remaining nine patients (45%) 
had PD. The sites of tumor response were diverse. The two patients 
who experienced a CR both had numerous metastases of 2 cm or 
less and a normal LDH. One patient was female, had multiple 
cutaneous lesions, and no prior therapy; the other patient was male, 
had multiple lung lesions, and had experienced prior treatment 
failure from chemoimmunotherapy. Neither patient experienced a 
recurrence with a mean follow-up time of 28 months at the time of 
data analysis. Of the five other patients who showed a decrease in 
size of at least one tumor mass, three had responses in skin, one had 
a response in bone, and one had a response in an adrenal lesion. 
Three of the four patients with SD had visceral metastases. 



Table 3. Clinical Outcome 


Best Response 


No. of Patients 


% 


Complete response 


2 


10 


Partial response 


0 


0 


Minor response 


1 


5 


Mixed response 


4 


20 


Stable disease 


4 


20 


Progressive disease 


9 


45 
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Fig 1 . Interferon gamma EUSpot frequencies by CD8 + T cells against Melan-A 
and (A) Epstein-Bcrr virus (EBV) (B) pre- and postimmuntzatioa Control values with 
HIV peptide were subtracted out. Post- and prelreatment values were compared 
using a paired f test. 




Responders Non- 
responders 

Fig 2. Comparison of increased Melart-A EUSpot frequencies offer immunao- 
Hon between clinical responders and nonres ponders. Tne absolute difference 
between Melan-A-specific EUSpot frequencies posh and pretreatment was com- 
pered between responders and nonres ponders using a two-tided, unpaired f test. 



Peptide-Specific T-Cell Responses by EUSpot 

A carefully controlled IFN-7 ELISpot assay was used to 
monitor the immune response to immunization. Cryopreserved 
CD8 + T cells were thawed in batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded with peptides 
derived from either HIV, EBV, or Melan-A. The HIV values 
were subtracted from those obtained with either Melan-A or 
EBV as an internal control at each time point. Seventeen of the 
enrolled patients had adequate cryopreserved material with 
which to perform immunologic assessments. 

As shown in Fig 1, some patients displayed a high frequency 
of Melan-A-specific CD8 + T cells before vaccination, with as 
high as 1% of CD8* cells responding to this peptide. These T 
cells were functional because they produced IFN-y. The majority 
of patients showed an increase in the frequency of Melan-A- 
specific cells after immunization (P = .015). In contrast, the 
frequencies of specific CD8 + T cells responding to the EBV 
peptide did not vary significantly overall (P = .86). Although the 
changes in T-cell frequency were modest, these results demon- 
strate an antigen-specific response after immunization with 
Melan-A peptide-pulsed PBMC + rhIL-12. 

The changes in Melan-A-specific ELISpot frequencies were 
compared among patients who had a mixed response or better 
and those who had no clinical response. As shown in Fig 2, the 
mean increase in Melan-A-specific T cells for the clinical 
responders was 112 ± 45 and for nonresponders was 26 ± 16, 
indicating that a greater absolute increase in Melan-A-specific T 
cells was associated with tumor regression (P = .046). 

Survival and Associations Between Immunologic Parameters 
and Clinical Outcome 

The overall median survival was 12.25 months and is shown 
in Fig 3 A. Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a known 



negative prognostic factor, 23 survival was also compared in 
response to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
9.25 months, whereas the median had not yet been reached for 
those with a normal LDH (P = .005). In addition, the median 
survival for patients who experienced a significant increase in 
Melan-A-specific T cells was not yet reached, compared with 
8.5 months for patients without a significant increase in Melan- 
A-specific cells (Fig 3C; P = .120). 

Additional immunologic parameters that had been measured 
were also analyzed for associations with either clinical response 
or survival and are summarized in Table 4. Neither a positive 
recall DTH to standard antigens nor a relatively high number of 
EBV- or Melan-A-specific CD8 + T cells before immunization 
correlated with either outcome. The median pretreatment Melan- 
A-specific T cell frequency was 23 in clinical nonresponders and 
-26 in responders. To increase the sensitivity of the assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
performed on the preimmunization samples and analyzed by 
ELISpot as described in Methods. Ten patients showed high 
Melan-A-specific T cell frequencies after in vitro expansion. 
However, this also failed to correlate with clinical outcome. 
Finally, although a normal LDH level , was associated with 
survival, it did not correlate with clinical response and also did 
not correlate with immune response. Collectively, these results 
reinforce the specificity of the result showing a significant 
association between an increased number of Melan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was conceivable that some patients developed PD despite 
immunization because of outgrowth of Melan-A-negative tumor 
cells. Posttreatment tumor samples were obtained from progressing 
tumors from three patients and analyzed by RT-PCR. Although the 
new metastasis that developed in patient 1 was negative for 
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Fig 3. Overall survival for oil patients 
(A), on the basis of serum lactate dehydro- 
genase greater than 200 U/L (B), and on the 
basis of increased Metan-A*spea*fic inter- 
feron gamma-producing CD8+ T cells [Q 
was determined using the Kaplan-Meier 
method. Differences between groups were 
compared using the log-rank test. 



Time (months) 



Mel an- A expression, those samples from patients 4 and 6 retained 
detectable expression of Melan-A mRNA (Fig 1). These results 
indicate that, although outgrowth of antigen-negative tumors can 
occur, other mechanisms of resistance to immune destruction likely 
explain the lack of clinical response in other patients. 

DISCUSSION 

In this study we used Melan-A peptide-pulsed autologous 
PBMC + rhIL-12 as a vaccine to treat HLA-A2-positive 
patients with advanced melanoma. We observed a significant 
increase in Melan-A-specific IFN-y-producing CD8 + T cells 
after immunization, and found a statistical association between 
clinical response and the magnitude of the specific T-cell 
increase. Although it is difficult to compare across individual, 
small phase II studies, these results are similar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward to execute. 

Preparation of the peptide-loaded PBMCs typically took 5 
hours from phlebotomy to injection, and quality control of the 
cell product was facilitated by the lack of an extended in vitro 
culture period and absence of exposure to culture medium or 
serum proteins that is required for dendritic cell preparations. 
Conversely, dendritic cell vaccines have been prepared in 
batches and cryopreserved in individual doses in some studies, 
which obviates the need to prepare a fresh vaccine at each time 
point. Cryopreservation of vaccines has not yet been examined 
with our current approach. A comparative trial between PBMC/ 
rhIL-12 and dendritic cell-based vaccination may, therefore, be 
of interest as the technologies continue to develop. Our results 



support the notion developed in preclinical models that IL-12 
can contribute to effective antitumor immunity, and are consis- 
tent with the results of a recent adjuvant vaccine study using 
rhIL-12 in melanoma. 24 

We used a direct ex vivo ELISpot assay to assess antigen- 
specific T-cell responses in this study. Control experiments 
testing EBV reactivity from normal donors revealed that ELIS- 
pot analysis could be performed accurately on cryopreserved 
CD8 + T cell samples immediately after thawing (H. Harlin and 
T. Gajewski, unpublished data). We found that background 
reactivity against the control HIV peptide varied among patients 
and to some extent among time points for an individual patient. 
The magnitude of increase in apparent Melan-A-reactive T cells 
would have been greater in some patients had the values 
obtained with the HIV control peptide not been subtracted. We 
believe that this experimental detail is critical because it normal- 
izes the samples for background differences and provides an 
internal control for minor variation between individual vials of 
cryopreserved T cells. We also compared the Melan-A frequen- 
cies, to those against an EBV control peptide, to determine 
whether the treatment was altering ELISpot results. We per- 
formed our analyses on purified CD8 + T cells to control for 
variable numbers between patients and across time points. It is 
possible that we excluded subpopulations of CD8" T cells, 
CD4 + T cells, and natural killer T cells that could have produced 
IFN-y in response to Melan-A. Nonetheless, our results revealed 
a measurable and significant increase in Melan-A-specific T 
cells posttreatment. Our currently employed ELISpot assay is 
distinct from the assay used in our phase I trial of peptide-pulsed 
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Toble 4. Statistical Correlates With Response or 


Survival 




Correlation With 


Correlation With 


Porarnotcr 


Response (P) 


XnvrvaJ \r) 


Positive DTH recall 


.642 


.130 


Strong EBV pre-Rx' 


.131 


.491 


Increased EBV post versus pret 


.290 


.644 


Strong Melon-A pre-Rxt 


.644 


.481 


Increased Melan-A post versus pret 


.046 


.120 


Strong in vitro expansion of Melan-A§ 


.304 


.565 


LDH levels < 200 


.99 


.005 



Pre 

Actin MelanA 
Rf : + - + - 



Post 
Actin MelanA 
+ - + - 



NOTE. Associations with response were determined using Fisher's exact test (two 
sided), except the differences between pre- and posttreatment, which were deter- 
mined using an unpaired rtost. Associations with survival were determined using the 
Kaplan-Meier method and log-rank test. Significant values are indicated in boldface. 

Abbreviations: DTH, deJayed-type hypersensitivity; EBV*, Epstein-Ban- virus; Rx, 
immunization; LDH, lactate .dehydrogenase; HIV, human immunodeficiency virus; 
11-2, interleukin-2. 

•At least 90 spots per 1 0 5 CD8 + T cells after subtraction of background against a 
control HIV peptide. 

t Changes between post- and prevaccination samples were calculated as the 
difference between the absolute number of specific spots and compared using an 
unpaired t test between clinical responders and nonre spenders. 

tAt least 40 spots per 10 5 CD8* T cells after subtraction of background against 
a control HIV peptide. 

§At least 90 spots per 10 5 CD8 + T cells after subtraction of background against 
a control HIV peptide, after a 1 0-day in vitro expansion with Melan-A pepfide-pulsed 
autologous CD8~ cells and 11-2. 



PBMC + rhIL-12 and in other trials 21,25 in which in vitro 
expansion had been performed before assessment of IFN-7 
production. Analysis of T-cell responses with minimal in vitro 
manipulation should most accurately reflect the status of those 
cells in vivo. 

High frequencies of Melan-A-specific, IFN-y-producing 
CD8 + T cells were observed in some patients at study entry 
when they clearly had progressively growing melanoma. This 
observation indicates that the absolute frequency of functional T 
cells against a tumor antigen does not correlate with the behavior 
of the tumor. We also found no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Melan-A-specific T 
cells before therapy. Although high frequencies of T cells 
reacting with a Melan-A tetramer have been detected in some 
normal donors, 26 those cells had a naive surface phenotype and 
did not produce high levels of IFN-7. What did correlate with 
clinical response in our current study is a meaningful increase in 
Melan-A-specific T cells posttreatment. These increases were 
modest (a net gain of 112 spots per 10 5 CD8 + T cells on 
average), indicating either that a subtle alteration in the steady- 
state between the immune response and a growing tumor in favor 
of increased T-cell frequencies is sufficient to translate into 
tumor regression, or that another immune function that we are 
not measuring is contributing to the final event of tumor 
shrinkage. Tumor regressions without detectable increases in 
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Fig 4. Melan-A expression in tumors that persisted after immunization. Three 
patients underwent surgical resection of lesions (after discontinuing the study), 
which were analyzed for Melan-A expression by qualitative reverse transcriptase 
polymerase chain reaction. Controls were analyzed without reverse transcriptase 
or with beto-actin primers. 



T-cell frequencies using standard assays have been observed in 
other studies. 27 

The median overall survival in our study was 12.25 months 
from treatment initiation, which is greater than the expected 6 to 
9 months for this patient population. Although it was a relatively 
small study and subject to selection bias, most patients were 
pretreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated with 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether this is 
reflective of tumor burden or the metabolic state of the tumor 
cells that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in Melan-A-specific T 
cells and developed progressive tumor growth despite retained 
expression of the antigen on posttreatment biopsies. This obser- 
vation is similar to that seen in murine studies 28 and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor microenvironment. Poten- 
tial explanations include poof T-cell trafficking to tumor sites, 
presence of negative regulatory cells, T-cell anergy or death, 
expression of inhibitory molecules by tumor cells, or downregu- 
lation of class I major histocompatibility complex or antigen- 
processing molecules. 29,30 Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist elimination by antigen-specific T cells in vivo. 
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Vaccination with Mage-3A1 Peptide-pulsed Mature, 
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Summary 

Dendritic cells PCs) are considered to be promising adjuvants for Inducing immunity to can- 
cer. We used mature, monocyte-derived DCs to elicit resistance to malignant melanoma. The 
DCs were pulsed with Mage-3A1 tumor peptide and a recall antigen, tetanus toxoid or tuber- 
culin. 11 far advanced stage IV melanoma patients, who were progressive despite standard che- 
motherapy, received five DC vaccinations at 14-d intervals. The first three vaccinations were 
administered Into the skin, 3 X 10 6 DCs each subcutaneously and tatradermally, followed by 
two intravenous injections of 6 X 10 6 and 12 X 10 6 DCs, respectively. Only minor (less than 
or equal to grade II) side effects were observed. Immunity to the recall antigen was boosted. 
Significant expansions of Mage-3Al-speciflc CD8 + cytotoxic T lymphocyte (CTL) precursors 
were induced in 8/11 patients. Curiously, these immune responses often declined after the in- 
travenous vaccinations. Regressions of individual metastases (skin, lymph node, lung, and liver) 
were evident in 6/1 1 patients. Resolution of skin metastases In two of the patients was accom- 
panied by erythema and CD8 + T cell infiltration, whereas nonregressing lesions lacked CD8+ 
T cells as well as Mage-3 mRNA expression. This study proves the principle that DC "vac- 
cines" can frequently expand tumor-specific CTLs and elicit regressions even In advanced can- 
cer and, in addition, provides evidence for an active CD8 + CTL-tumor cell interaction in situ 
as well as escape by lack of tumor antigen expression. 

Key words: dendritic cells • vaccination • active immunotherapy • melanoma • 
cytotoxic T lymphocytes 



It is now established that the immune system has cells, 
particularly CD8 + CTLs, that can recognize tumor anti- 
gens and kill tumors (1, 2). Nevertheless, a major problem 
is that these T celb are either not Induced or only weakly 
induced, i.e., the T cells are not evident in the systemic cir- 
culation. One possibility is that there is inadequate tumor 
antigen presentation by dendritic cells (DCs), 1 "nature's ad- 
juvant" for eliciting T cell immunity (3). Another Is that 



* Abbreviations used in this paper: CNS, central nervous system; DCs. den- 
dritic cells*. DTH, delayed-type hypersensitivity; MCM, monocyte-con- 
ditloned medium; RT, reverse transcriptase; TT, tetanus toxoid. 
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tumor-reactive T cells are tolerized by the tumors (1, 4). 
Melanoma provides a compelling setting in which to pur- 
sue a current goal of cancer immunotherapy, the generation 
of stronger tumor-specific T cell immunity, particularly 
with CTLs (4). The majority of tumor antigens identified 
so far are expressed by melanomas (2). Limited antimelanoma 
CTL responses have been detected (5), and infusions of IL-2 
expanded killer cells can lead to rejection of melanoma (6). 

Conventional adjuvants promote antibody rather than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to induce tumor-specific T cell Immunity. 
DC vaccination is one of these (3). Immature DCs capture 
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antigens but lack full T cell-stimuiatory activity (7). In the 
presence of appropriate stimuli, such as Inflammatory cyto- 
kines, the DCs mature. DCs upregulate T cell adhesion and 
costimulatory molecules as well as select chemokine recep- 
tors that guide DC migration into lymphoid organs for 
priming of antigen-specific T cells. The use of DCs as adju- 
vants is supported by many animal experiments with pri- 
marily mature DCs (3, 8). These studies have shown that 
the injection of tumor antigen-loaded DCs reliably induces 
tumor-specific CTL responses, tumor resistance, and in 
some cases, regression of metastases (3, 8). In the few pilot 
trials reported so far for humans, immature DCs have been 
employed (9-11). Scattered tumor responses are reported, 
but evidence for the induction of tumor-specific CTLs by 
DC vaccination has not been shown. 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and stable DCs 
from monocytes in the absence of nonhuman proteins (12, 
13). We are now exploring the use of these DCs as vaccine 
adjuvants in humans. Here we provide the proof of the prin- 
ciple by demonstrating that three intracutaneous injections 
of Mage-3A1 peptide-pulsed mature DCs reliably enhance 
Mage-3A1 -specific CD8 + and recall CD4 + T cell immunity 
in heavily pretreated, progressive stage IV melanoma, patients 
with large tumor loads. Expansions of Mage-3 A 1 -specific 
CTL responses have not been previously detected after 
Mage-3 A 1 peptide vaccination in less advanced melanoma 
patients (14), underscoring the potent adjuvant properties 
of DCs. As regressions of metastases also occurred upon 
DC-mediated immunization and were accompanied by 
CD8 + T ceil infiltration, we propose that the induced 
Mage-3Al-specific CTLs are active in vivo. 

Materials and Methods 

Patient Eligibility Criteria 

Patients were eligible if they suffered from stage IV (i.e., distant 
metastases) cutaneous malignant melanoma (1988 American Joint 
Committee on Cancer/Union Internationale Contre Cancer 
pTNM staging system) that was not curable by resection and was 
progressive despite chemo (immuno) therapy. Further inclusion cri- 
teria were an expected survival mo, Karnofsky index £60%. 
age ^18 yr, measurable disease, HLA-A1 positivity, expression of 
Mage-3 gene shown by reverse transcriptase (RT)-PCR in at least 
one excised metastasis, and no systemic chemo-, radio-, or im- 
munotherapy within 4 wk (6 wk in the case of nitrosurea drugs) 
preceding the first DC vaccination. A positive skin test to recall 
antigens was not required. Important exclusion criteria were ac- 
tive central nervous system (CNS) metastasis, any significant psychi- 
atric abnormality, severely impaired organ function (hematological, 
renal, liver), active autoimmune disease (except vitiligo), previous 
splenectomy or radiation therapy to the spleen, organ allografts, evi- 
dence for another active malignant neoplasm, pregnancy, lactation, 
or participation (or intent to participate) in any other clinical trial. 
Concomitant treatment (chemo- or Immunotherapy, corticoster- 
oids. Investigational drugs, paramedical substances) was prohibited. 
Palliative radiation or surgical therapy of selected metastases and cer- 
tain medications (acetaminophen/paracetamol, nonsteroidal anti- 
Inflammatory drugs, opiates) to control symptoms were allowed. 



Clinical Protocol and Study Design 

The study was performed at the Departments of Dermatology 
in Erlangen. Wurzburg, and Mainz, Germany according to stan- 
dards of Good Clinical Practice for Trials on Medicinal Products 
in the European Community, The protocol was approved by the 
Protocol Review Committee of the Ludwlg Institute for Cancer 
Research (New York, NY) and performed under supervision of 
its OfHce of Clinical Trials Management as study LUD #97-001. 
The protocol was also approved by the ethics committees of the 
Involved study centers. 

The study design is shown in Table II. All patients gave writ- 
ten Informed consent before undergoing a screening evaluation 
to determine their eligibility. Extensive clinical and laboratory as- 
sessments were conducted at visits 1, 5, and 8 (Table II) and con- 
sisted of a complete physical examination, staging procedures, 
and standard laboratory values as well as special ones (pregnancy 
test, free testosterone in males, autoantibody profile, and antibodies 
to HIV- 1/2, human T cell lymphotropic virus type I, hepatitis B 
virus, and hepatitis C virus). Patients were hospitalized and exam- 
ined the day before each vaccination and were monitored for 
48 h after the DC injections. Adverse events and changes In labora- 
tory values were graded on a scale derived from the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Health, Bethesda, MD. 

Production of the DC Vaccine 

During prestudy screening, we tested a small amount of fresh 
blood to verify that appropriate numbers of mature DCs could be 
generated from the patient's monocytes (12). Sufficient DC num- 
bers could be successfully generated in all patients, but in some pa- 
tients the test generation revealed that TNF-a had to be added to 
assure full maturation. To avoid repetitive blood drawings, we per- 
formed a single leukapheresis during visit 2 to generate DCs as de- 
scribed (13). In short. PBMCs from the leukapheresis (SlO 10 nu- 
cleated cells) were isolated on Lymphoprep™ (Nycomed Pharma) 
and divided into three fractions. The first fraction of 10 9 PBMCs 
was cultured on bacteriological petri dishes (Cat. #1005; Falcon 
Labware) coated with human Ig (100 p-g/ml; Sandoglobin™; San- 
doz GmbH) in complete RPMI 1640 medium (BioWhlttaker) 
supplemented with 20 u,g/ml gentamicin (Refobacin 10; Merck), 
2 mM glutamlne (BioWhlttaker), and 1% heat-Inactivated human 
plasma for 24 h to generate monocyte-conditioned medium 
(MCM) for later use as the DC maturation stimulus. The second 
fraction of 3 X 10 8 PBMCs was used for the generation of DCs for 
vaccination 1 and deiayed-type hypersensitivity (DTH) test I. Ad- 
herent monocytes were cultured in 1,000 U/ml GM-CSF (10 X 
10 7 U/mg; Leukoma*™; Novartls) and 800 U/ml IL-4 (purity 
>98%; 4. 1 X 10 7 U/mg in a bioassay using proliferation of human 
IL-4R+ CTLL; CeUGenix; expressed in Escherichia mil and pro- 
duced under good laboratory practice conditions but verified for 
good manufacturing practice [GMP] safety and purity criteria by 
us) for 6 d. and then MCM was added to mature the DCs. MCM 
was supplemented in patients 04, 06, 09. 1 1. and 12 with 10 ng/ml 
GMP-rhu TNF-a (purity >99%; 5 X 10 7 U/mg in a bioassay us- 
ing murine L-M cells; a gift of Dr. G.R. Adolf, Boehrlnger Ingei- 
heim Austria, Vienna, Austria) to assure full maturation of DCs. 
Mature DCs were harvested on day 7. The third fraction of PBMCs 
was frozen in allquots and stored in the gas phase of liquid nitrogen 
to generate DCs for later vaccinations and DTH tests. 

DCs for vaccinations were pulsed with the Mage-3A1 peptide 
(15) (EVDPIGHLY, synthesized at GMP quality by Cilnalfa) as 
tumor antigen, and as a recall antigen and positive control, tetanus 
toxoid (TT) or tuberculin (if at visit 1 the DTH to TT in the 
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Multltest Merieux was > 10 mm; both purchased from the Bacte- 
rial Vaccines Department of the Statens Serum Institute, Copen- 
hagen, Denmark). The recall antigen was added at 10 u,g/ml for 
the last 24 h, and the Mage-3A1 peptide was added at 10 u,M di- 
rectly to the cultures for the last 8 h (if immunity to recall anti- 
gens was strongly boosted, the dose of recall antigen was reduced 
to 1,0 or 0.1 u>g/ml or was omitted for the intravenous DC in- 
jections to avoid a cytokine release syndrome). On day 7, mature 
DCs were harvested, resuspended in complete medium, washed, 
and pulsed once more with Mage-3A1 peptide (now at 30 u,M) 
for 60 min at 37°C. DCs were finally washed and resuspended in 
PBS (GMP quality PBS; BioWhittaker) for Injection. DCs to be 
used for Mage-3A1 DTH tests were pulsed with Mage-3A1 (but 
no recall antigen); DCs that served as negative control, in the 
DTH tests were not pulsed at all. An aliquot of the DCs to be 
used for vaccinations was analyzed as described (13) to assure that 
functionally active and mature DCs were generated. The features 
of the DCs are described in Results. Release criteria were typical 
morphology (>95% nonadherent veiled cells) and phenotype 
(>95% HLA-DR +++ CD86 +++ CD40 + CD25 + CD14~ and >65% 
homogenously CD83 ++ ). 

Immunization Schedule 

A total of five vaccinations (three into the skin followed by 
two intravenously) with antigen-pulsed DCs were given at 14-d 
intervals (Table II). This design was chosen to explore the toxic- 
ity and efficacy of various routes In this trial. For vaccinations 1-3, 
3 X 10 6 DCs were given subcutaneously at two sites (1.5 X 10 6 
DCs in 500 uJ PBS per site) and 3 X 10 6 intradermal^ at 10 sites 
(3 X 10 5 DCs in 100 \i\ PBS per site). The injection sites were 
the ventromedial regions of the upper arms and the thighs close 
to the regional lymph nodes and were rotated clockwise. Limbs 
where draining lymph nodes had been removed and/or Irradiated 
were excluded. For Intravenous vaccinations 4 and 5, a total of 6 
and 12 X 10 6 antigen-pulsed DCs (resuspended In 25 or 50 ml 
PBS plus 1% autologous plasma) was administered over 5 and 10 
min, respectively. Premedication with an antipyretic (500 mg acet- 
aminophen/paracetamol p.o.) and an antihistamine (2.68 mg cle- 
mastlnhydrogenfumarat l.v.) was given 30 min before Intravenous 
DC vaccination. 

Evaluation of Immune Status 

Recall Antigen-specific Proliferation and Cytokine Production. 
PBMCs were cultured in triplicate at two dose levels (3 X 10* 
and 1 X 10 5 PBMCs/well) plus or minus TT or tuberculin (at 
0.1. 1. and 10 pig/ml) and pulsed on day 5 with [ 3 H]thymidine 
for 12 h. In all cases, the highest cpms were obtained with the 
highest doses of PBMCs and antigen and are shown In Fig. 2. 
IL-4 and IFN-7 levels were measured In culture media by ELISA 
(Endogen, Inc.). In a separate plate, staphylococcal enterotoxln 
(SEA; Serva) was added at 0.5, 1. and 5 ng/ml, and proliferation 
was assessed after 3 d to provide a positive control for helper T 
cell viability and responsiveness. 

Enzyme-linked Immunospot Assay for IFN-y Release from Single 
Antigen-specific T Cells. To quantitate antigen-specific. IFN-7- 
releasing. Mage- 3A1 -specific effector T cells, an enzyme-linked 
immunospot (ELISPOT) assay was used as described (16). PBMCs 
(10 5 and 5 X lOVwell) or In some cases CD8 + or CD4 + T cells 
(isolated by MACS 1 * 1 according to the manufacturer, Miltenyl 
Blotec) were added In triplicate to nitrocellulose-bottomed 96-well 
plates (MAHA S4510; MiUipore Corp.) precoated with the pri- 
mary anti-IFN-7 mAb (1-D1K; Mabtech) in 50 u.1 ELISPOT 



medium (RPMI 1640 and 5% heat-inactivated human serum) per 
well. For the detection of Mage- 3A1 -reactive T cells, the APCs 
were irradiated T2.A1 cells (provided bv P- van der Bruggen, 
Ludwig Institute of Cancer Research, Brussels, Belgium) pulsed 
with MHC class I-restricted peptides (Mage-3A1 peptide and the 
HIV-1 pl7-derived negative control peptide GSEELRSLY) added 
at 7.5 X lOVwell (final volume 100 pi/well). After Incubation 
for 20 h, wells were washed six times, Incubated with blotiny- 
lated second mAb to IFN-7 (7-B6-1; Mabtech) for 2 h, washed, 
and stained with Vectastain Elite kit (Vector Labs.). For detec- 
tion of TT- reactive T cells, TT was added at 10 jig/ml directly to 
the PBMCs (I or 5 X 10 5 PBMCs/fiat-bottomed 96-well plate). 
Assays were performed on fresh PBMCs. Spots were evaluated 
and counted using a special computer-assisted video imaging analy- 
sis system (Carl Zeiss Vision) as described (16). 

Semiquantitative Assessment of CTL Precursors. The multiple 
mlcroculture method developed by Romero et al. (17) was used 
to obtain a semiquantitative assessment of CTLp (precursors) spe- 
cific for Mage-3A1 peptide. Aliquots of frozen PMBCs were 
thawed and assayed together. CD8 + T cells were Isolated with 
magnetic mlcrobeads (MACS™ separation columns; Miltenyi Blo- 
tec) and seeded at lOVwell in 96-well round-bottomed plates in 
RPMI 1640 with 10% heat-inactivated human serum. The CD8" 
PBMCs were pulsed with peptide Mage-3A1 or the influenza 
PB1 control peptide VSDGGPNLY (10 p,g/ml; 30 min at room 
temperature), Irradiated (30 Gy from a cesium source), and added 
as an APC population at lOVwell together with IL-2 (10 IU/ml 
final) and IL-7 (10 ng/ml final) in a total volume of 200 ui/well. 
On day 7, 100 pJ fresh medium was substituted, and peptide 
Mage-3A1 or PB1 (1 pig/ml final) and IL-2 (10 U/ml) was 
added. On day 12, each mlcrowell was divided into three equal 
samples to test cytolytic activity in a standard 4-h 5, Cr-release 
assay on peptlde-pulsed (10 p.g/ml for 1 h at 37°C) T2A1 cells, 
nonpulsed T2A1 cells, and K562 target cells, respectively. All of 
the assays were performed with an 80-fold excess of nonlabeled 
K562 to block NK activity. Microwells were scored positive if 
lysis of T2A1 targets with peptide minus lysis without peptide 
was Si 2% and this specific lysis was greater than or equal to 
twice the lysis of T2A1 targets without peptide plus six as de- 
scribed (18). We aimed at testing 30 micro wells of 10 4 CD8 + T 
cells. Therefore, 1/30 positive wells equals at least one CTLp in 
3 X 10 5 (i.e.. 30 wells at 10 4 CTLp per well) CD8 + T cells (cor- 
responding to ~3 X 10 6 PBMCs). 

DTH. DTH to Mage-3A1 peptide was assessed by intra- 
dermal Injection at two sites of each 3 X 10 s Mage-3A1 peptlde- 
loaded DC in 0.1 ml PBS. Negative controls were nonpulsed 
autologous DCs in 0.1 ml PBS and 0.1 ml PBS. DTH to seven 
common recall antigens (Multitest Merieux) including TT and 
tuberculin was performed on visits 1,5, and 8 (Table II). 

Assessment and Analysis of Tumor Tissue 

For recruitment into the study, Mage-3 gene expression in at 
least one metastatic deposit had to be demonstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re- 
moved whenever possible after the vaccinations and subjected to 
Mage-3 RT-PCR as well as routine histology and immunohls- 
tology (to characterize cellular infiltrates). 

Statistical Analysis 

For analysis of the immune response, pre- and postlmmunlza- 
tion values were compared by paired t test after logarithmic trans- 
formation of the data. Significance was set at P < 0.05. 
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Results 

Patient Characteristics. 

All 13 patients were HLA-A1+, had proven Mage-3 
mRNA expression in at least one excised metastasis, and 
suffered from advanced stage IV melanoma, i.e., distant 
metastases that were progressive despite chemotherapy and, 
in some cases, chemoimmunotherapy (Table I). We offered 
DCs to all patients who fulfilled the Inclusion and exclusion 
criteria, i.e.. we did not select for subsets of patients. Two 
patients (numbers 01 and 03) succumbed to melanoma af- 
ter two and three vaccinations, respectively. 1 1 patients re- 
ceived all five planned DC vaccinations in 14-d intervals 
(Table II) and were thus fully evaluable. 

Quality of the Vaccine 

All vaccine preparations were highly enriched in mature 
DCs. More than 95% of the cells were large and veiled in 



appearance, expressed a characteristic phenotype by flow 
cytometry (HLA-DR +++ CD86 +++ CD40 + CD25 + CD14"), 
and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of <1:300 (13). Most (mean 80%) expressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
(13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were internal controls for immunization and possibly 
provided help for CTL responses (20). 

Toxicity 

No major (above grade II) toxicity or severe side effects 
were observed in any patient, including the two patients 
who were not fully evaluable. We noticed, however, local 
reactions (erythema, induration, pruritus) at the intracuta- 



Table I. Patients' Characteristics, Status before DC Vaccination, and Response to DC Vaccination 



Patient 
code 


8. 
< 

K 
9 
CO 


Onset 
stage IV 


Previous 
therapy 


Metastases at study entry* 


Clinical Response 


Survival 


region ol 


distant 


1 4 days after the 
6 th vaccination 


skin | LN 


Skin 


LN 


lung 


liver 


Other 










Patients with objective tumor regression 




04 


M48 


H98 


PCI 














fiB 


complete regression of 
all but 1 lung metastasis, 
overall progression 


10 + >9 


06 


F61 


10/97 


CI 










IfillSIS 






complete regression* of 
1 lung + 4 s.c* metastases, 
overall progression 


6 + >16 


07 


F48 


6/97 


c 






mm 
ilpii 










complete regression' of 
1 lung* + 2 s.o. * metastases, 
overall progression 


13*12t 


08 


M67 


11/97 


PC 




AH 








mm 




complete regression 0 of 
lung+liver+4 s.c. 4 

metastases, 
overall progression" 


8*3t 


09 


F43 


5/98 


c 










IS 






Partial regression of 
1 lung metastasis, 
overall progression 


4 + >11 


12 


M54 


9/96 


CI 














partial regression of 
axillary LN metastases, 
overall progression 


28*>9 










Patients without objective tumor regression 




02 


F73 


5/98 


PCI 








mm 






■n 


continuous progression 


18 + 5t 


05 


F49 


10/97 


CI 




mm 




w& 








continuous progression 


&»17 


10 


M62 


8/98 


c 
















continuous progression 




11 


F72 


7/98 


c 










mm 




wsmsm 


continuous progression 


4+9f 


13 


M34 


12/97 


CI 








Mi 




turn 




| continous progression 


12*5t 



Treatment centers: three patients (04. 08. and 12) were treated In Wuerzburg. two In Mainz (patients 10 and 13), and the others in Erlangen. 
Pre treatment therapy: PCI, polychemolmmuno. Preceding excisions and radiotherapies are not listed. 

Metastases at study entry: the number and diameter of the largest metastases present at study entry are listed (number/diameter in millimeters), 
m. multiple (> 3 metastases). ' 

Survival: (since onset of stage IV and as of 5 August 1999) Is listed as months since onset stage IV until study entry + number of months since study 
entry. 'Patient deceased. 

*CNS metastases were regressing at study entry after gamma knife treatment 
*Developed (in part) after study entry. 
°Determined by autopsy. 

"Sudden death from bleeding into CNS metastasis on visit 8. 

•The regressions of lung metastases In patients 06 and 07 were documented at a staging 3 mo after visit 8. 
mediast., mediastinum; pancr.. pancreas. 
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Table II. Study Design 



Activities 


Screen 


Leuka 
pheresis 


Vacc.#1 


Vacc .#2 


Vacc. #3 


Vacc. #4 


Vacc. #5 


Final 
Evaluation 


3 Mio s.c. 
3 Mio i.d. 


3 Mio s.c. 
3 Mio i.d. 


3 Mio s.c. 
3 Mio i.d. 


6 Mio 
i.v. 


12 Mio 
i.v. 










wmmm 












-28/-14 


•9 


+1 


+14 


+28 


+42 


+56 


+70 




■ 

X ... 


I : X I X i X 

II I i x 

I I X I I X 


X 


X. 

X 


i 
i 
i 

X 



jlRj^ll^g|efA::.:i| 



!.:< 



;!EP$POIu 



X 



X 



J*. 
X 



X, prespeciOed In the protocol as obligatory; x. optional. 



neous vaccination sites that Increased with the number of 
vaccinations. In 9/11 patients, strong DTH reactions (in- 
duration >10 mm in diameter) were noted to DCs carry- 
ing a recall antigen (Fig. 1). Elevation of body temperature 
(grade I and II fever) was observed in most (9/11) patients 
and was also related to pulsing DCs with recall antigen. 
The most striking example was patient 02. who progres- 
sively developed fever (up to 40°C) upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vaccination. We observed 
slight lymph node enlargement, clinically in 63% and by 
sonography In 83% of patients, after the intracutaneous DC 
injections. Interestingly, these were delayed, being inappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected when patients were investigated again the day before 
the next vaccination (Table II). 

Immunological Responses 

Boosting of Recall Antigen-specific Immunity. PBMCs that 
had been frozen before vaccination and 14 d after vaccina- 
tion 5 were thawed and assayed together, as specified in the 
protocol (Table II). In most patients, a significant boost of 
antigen-specific immunity developed to TT (and tubercu- 
lin in patient 10) (P< 0.004; Fig. 2). Supernatants from the 
proliferative assays contained large amounts of IFN-7 (mean 
1,679 pg/ml, range 846-4,325) but little IL-4 (IFN-7/H--4, 
317:1). In five patients, we studied the kinetics of the immune 
response to TT by IFN-7 ELISPOT analysis. We found an 
Increase after the intracutaneous vaccinations [P < 0.02) 
but a peculiar decrease after the intravenous vaccinations (P < 
0.008; Fig. 3). Thus, comparing recall immunity before and 
after all five vaccinations (Fig. 2) as prespecified In the protocol 
(Table II) obviously underestimated the extent of boosting. 




Figure 1. Local reactions to DCs carrying Mage-3A1 peptide and TT 
at the Intradermal and subcutaneous vaccination sites in patient 09 (24 h 
after vaccination 2; top panel) and 02 (48 h after vaccination 3; bottom 
panel). Erythema at the 10 intradermal (left) and 2 subcutaneous (right) 
vaccination sites was followed by induration >10 mm In diameter (with 
secondary purpura In patient 02). These local reactions represent strong 
DTH reactions to DCs carrying TT, as such strong reactions did not oc- 
cur in response to unpuUed DCs or DCs pulsed with Mage-3A1 peptide 
alone In DTH tests I— III fTable II; reactions not shown). 
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Figure 2. Recall antigen-specific immunity (tuberculin in patient 10; 
TT In all others) as assayed by antigen -specific proliferation. The cpm val- 
ues determined after therapy (14 d after vaccination 5) are shown as multi- 
ples of pretherapy cpm values. Absolute cpm (cpm with recall antigen minus 
cpm without antigen) after therapy was 68,917 in patient 02, 85,225 In pa- 
tient 04. 16.759 in patient 05, 7.913 in patient 06, 16.367 in patient 07, 
107.923 In patient 09. 22.790 In patient 10, 4.507 in patient 12. and 1.831 
In patient 13 (SEM for all measurements was <20%). Patients 08 and 1 1 
could not be evaluated due to shortage of cells after therapy. 



Expansion of Mage-3 A 1 -specific CTLp. Aliquots of 
PBMCs, frozen before the first and after the third and fifth 
vaccinations, were thawed at the same time (Table II) and 
subjected to a semiquantitative recall assay for CTLp (refer- 
ence 17; Fig. 4). Before vaccination, CTLp frequencies 
were low or undetectable. In 8/1 1 patients, we found a sig- 
nificant expansion of Mage-3Al-speclflc CTLp as indicated 
by the increase (mean, eightfold; P < 0.008) of positive 
microcultures in the multiple microculture procedure em- 
ployed for the semiquantitative assessment of CTLp (17). 
Interestingly, in six patients, the CTLp frequencies were 
maximal after the three intracutaneous vaccinations (P < 
0.0013) but then decreased after the two additional intrave- 
nous vaccinations in all but one of these patients (P < 0.026). 
Only in 1/11 patients did we observe an increase of CTLp 
to an irrelevant PB1 Influenza peptide that served as a spec- 
ificity control (not shown). 



EUSPOT Analysis for IFN-y-releasing, Mage-3Al-speciflc 
T Cells. We also tried to detect Mage-3 A 1 -specific- CTL 
effectors in uncultured fresh, nonfrozen PBMCs by per- 
forming ELISPOT analyses at 14-d intervals on all patients. 
A significant increase of Mage-3A1 -reactive IFN--y spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, respectively, but the fre- 
quency of Mage-3Al-specific effectors was very high 
(~5,000 and 10.50O/10 7 CD8 + T ceils; not shown). 

DTH Test to Mage-3A1 Peptide-loaded DCs. Tests of DTH 
to Mage-3A1 peptide-loaded DCs yielded erythema and/or 
Induration (>5 mm diameter) in 7/11 patients (not shown). 
The results were, however, equivocal due to the frequentiy 
observed background to nonpulsed DCs (up. to 10 mm in 
diameter) and the variability from test site to test site. 

Clinical Responses 

At the end of the trial, i.e., ~2 wk after the fifth vaccina- 
tion (Table II), we observed temporary growth cessation of 
some individual metastases, but more intriguingly, in 6/11 
patients, complete regression of individual metastases in 
skin, lymph nodes, lung, and liver (Table I and Fig. 5). 
Resolution of skin metastases was found in three patients 
(Table I, patients 06, 07, and 08) and in two of them (06 
and 07). it was preceded by local pain, itching, and slight 
erythema. The six regressing skin lesions of patients 06 and 
07 (Table I) were also excised and examined by Immuno- 
histology. Clusters of CD8 + T cells were seen around and 
in the tumor, the latter often necrotic, suggesting an im- 
mune attack (Fig. 6). 

In patients. 06 and 08, the metastases excised at study 
entry (four and two. respectively) proved to be Mage-3 
mRNA + . However, all of the samples removed at the end 
(two and six, respectively) were Mage-3 mRNA", suggest- 
ing immunoselection for antigen-negative tumor cells. Re- 
markably, significant infiltration of CD8 + T cells was not 
found In any of these lesions. 



Discussion 

In deciding on the source of DCs for this phase I trial, 
we selected mature, monocyte-derived DCs for the follow- 
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Figure 3. Kinetic analysis of immunity to recall antigens 
as assessed by TT-speciflc IFN-7 ELISPOT (SEM for all 
measurements was <20%). Blood was drawn {see Table II, 
Study Design) before the first DC vaccination and then ev- 
ery 14 d Just before administration of the next DC vacci- 
nation (e.g.. pre Vacc # 2 means immediately before vacci- 
nation 2, I.e., 14 d after vaccination 1). and finally after 
therapy. Time points at which vaccinations were not per- 
formed lack ban. Note the Increase after the Intracutane- 
ous vaccinations and the decline upon the two vaccina- 
tions after Intravenous ones. Patient 10. who received 
tuberculin-pulsed DCs, exhibited no significant change In 
the TT-speciftc IFN-7 ELISPOT as expected. 
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Figure 4. Mage-3A1 CTLp frequency analysis as as- 
sessed by semiquantitative recall assay. The y-axis and the 
numbers above the ban Indicate the percentage of positive 
wells found before vaccination 1, before vaccination 4 (14 d 
after vaccination 3), and after therapy (usually 14 d after 
vaccination 5). 



ing reasons. Monocyte-derived DCs currently represent 
the most homogenous and potent DC populations, with 
several defining criteria and quality controls (12, 13, 21). 
The method for generating production of these DCs , Is 
very reproducible and allows the cryopreservation of large 
numbers of cells at an identical stage of development (12, 
13). Furthermore, these DCs can be produced in the ab- 
sence of potentially hazardous FCS (12, 13, 21). FCS expo- 
sure also leads to large syngeneic T cell responses in cul- 
ture, so their clinical use (11) might produce nonspecific 
Immunostimulatory effects. Unlike other investigators (9-1 l) f 
we chose to use. mature rather than immature DCs for our 
first melanoma trial. The DCs that have been used with ef- 
ficacy in animal experiments were primarily mature (3, 8). 
Mature DCs are much more potent in Inducing CTL and 
Thl responses In vitro (reference 22 and Jonuleit, H., A. 
Gieseke, A. Kandemir, L. Paragnlk, J. Knop, and A.H. 
Enk, manuscript In preparation), and the DCs are also resis- 
tant to the immunosuppressive effects of IL-10 (23) that 
can be produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen-presenting MHC 
class I (26a) and class II molecules (27). Finally, mature 
DCs have a high migratory activity (21) and express CCR7 
(28), a receptor for chemokines produced constitutlvely In 



lymphoid tissues (28). Mature DCs, as used in this cancer 
therapy trial, have recently also been shown to rapidly gen- 
erate broad T cell immunity in healthy subjects (28). 

Mature DCs were loaded with only one melanoma pep- 
tide, Mage-3A1, to avoid uncertainties regarding loading of 
DCs with multiple peptides (1 1) of varying affinity and off 
rate. Successful loading was verified with a Mage-3A1 -spe- 
cific CTL clone and ELISPOT analysis (not shown). The 
Mage-3A1 peptide (15) was selected for several reasons. It is 
essentially tumor specific (2) and expressed in tumors other 
than melanoma (2), and the Mage-3A1 epitope is likely a re- 
jection antigen (14). Moreover,- the Mage-3A1 CTLp fre- 
quency Is exceedingly low in noncancer patients (reference 
18; 0.4-3 per 10 7 CD8+ T cells) as well as in cancer patients, 
even after peptide vaccination (14). Thus, any Induction or 
boost of Mage-3A1 CD8 + T cell responses would indicate a 
significant superiority in the adjuvant capacities of DCs. 

DTH assays with peptide-pulsed DCs were carried out 
as described by Nestle et al. (11) to detect Mage-3A1 im- 
munity (not shown). However, we did not detect un- 
equivocal DTH. This was due to the frequently observed 
background to nonpulsed DCs (possibly due to cytokine 
production by DCs) and the noteworthy variability from 
test site to test site. As Mage-3A1 -specific T cells are CD8 + 
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Figure 5. Regression (arrows) of a globular (13 
mm in diameter) lung metastasis In patient 07 that 
was then no longer detectable In serial 6-mm-thlck 
computed tomography scans. 
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Figure 6. Regressing subcutaneous metastases In patient 06 display a CD8+ lymphocytic Infiltrate (alkaline phosphatase/antialkaline phosphatase immunohls- 
tochemlcal staining with anti-CD8 mAb) that surrounds (A) and infiltrates (B) the tumor. Areas of damaged (B, ★) and necrotic (C. ★) melanoma cells are ob- 
vious in the vicinity of the CD8 + T cell Infiltrate. The metastasis expressed Mage-3, as demonstrated by RT-PCR (data not shown). Magnifications: A 100; B. 
350; C. 160. 



T cells and DTH assays typically detect primed CD4 + T 
cells, we suspect that DTH to MHC class I peptide-pulsed 
DCs may also for this reason prove not to be a sensitive or 
reliable way to monitor specific CD8 + T cell-mediated im- 
munity. 

In contrast, we found sizable expansions of Mage-3A1- 
specific CTL precursors in PBMCs from a majority (8/11) 
of patients [P < 0.008; Fig. 4). This is an important proof 
of the principle of DC-based immunization, and it Is also 
significant from the point of view that tumors can induce 
. tolerance or anergy. It is very promising that CTLp expan- 
sions can be induced in far advanced and heavily pretreated 
stage IV melanoma patients. However, active Mage-3A1- 
speclfic effectors were generally not observed in ELISPOT 
assays, except for in two patients with high frequencies 
(>5.000/10 7 CD8 + T cells). Perhaps active CD8+ effectors 
were rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies illustrated in Fig. 6. An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simply 
be too late. 

Interestingly, in six patients, CTLp had increased to their 
highest levels after the three intracutaneous vaccinations 
(P < 0.0013) and then decreased (F < 0.026) with subse- 
quent intravenous immunizations (Fig. 4). The decrease in 
CTLp might be due to emigration of activated Mage-3- 
reactive CTLs into tissues, tolerance induction, or clonal 
exhaustion via the Intravenous route. We also observed de- 
creased responses to recall antigens in the five patients that 
we studied before and after intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as it may be counterproductive. In contrast, our re- 
sults clearly demonstrate that the intracutaneous route is ef- 
fective, so that the less practical Intranodal injection propa- 
gated by other Investigators (1 1) does not seem essential. It 
will, however, be necessary to compare subcutaneous and 
intradermal routes to find out if one is superior. 



We found regression of Individual metastases in .6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation (Table I). This percentage of responses was unex- 
pected In far advanced stage IV melanoma patients who 
were all progressive despite standard chemotherapy and 
even chemolmmunotherapy. In the study by Nestle et al. 
(11), chemotherapy was only given to 4/16 melanoma pa- 
tients, and objective tumor responses were observed in 
5/16. Therefore, we attribute the regressions to DC-medi- 
ated induction of Mage-3Al-specific CTLs. This interpre- 
tation is supported by the heavy Infiltration with CD8 + T 
cells of regressing but not nonregresslng (skin) metastases. 
The observation that all of the metastases in patients 06 and 
08 that were excised at the end of the study were Mage-3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests Immune escape of and selection 
for Mage-3 antigen- negative tumors.- Immune escape 
might also have been responsible for the lack of tumor re- 
sponse in those nonresponders that had mounted a Mage- 
3Al-speciflc CTL response. 

After the end of the trial, surviving patients received fur- 
ther vaccinations with DCs and several tumor peptides 
(Mage-1, tyrosinase, and Mage-3) that were no longer part 
of the protocol It is encouraging that 5/1 1 patients are still 
alive (Table I) 9-17 mo after study entry, as the expected 
median survival in patients progressive after chemo(im- 
muno)therapy is only 4 mo (29, 30). One of the initial re- 
spondent (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It is inter- 
esting that Marchand et al. (14) have also observed that re- 
gressions, once they have started, proceed slowly and may 
take months to complete. 

In conclusion, the use of a defined DC vaccine com- 
bined with detailed immunomonltoring provides proof that 
vaccination with mature DCs expands tumor-speclflc T 
cells In advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 
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CD8 + CTLs and tumor cells as well as for escape of antigen- 
negative metastases. We are convinced that DC-mediated 
immunization can be intensified further to reveal the pres- 
ence of expanded populations of effector cells. Efficacy might 
be increased at the level of the DC, e.g., by optimizing 



variables such as DC maturational state, route, dose, and 
schedule or by improving the short life span of DCs in vivo 
(31, 32); at the level of the T cell, e.g., by providing mela- 
noma-specific CD4 + T cell help (33, 34) or 11-2 (35); and 
by treating patients earlier in their disease course. 



We are grateful to all patients for their confidence and cooperation. We appreciate the support of J. Knop, 
Head of the Department of Dermatology in Mainz. We thank our colleagues H.B.-R. Balda, H. Hintner, 
F.S.M. Meurer. and C.R. Neumann for referring patients and T.L. Diepgen for statistical analysis. We are 
particularly grateful to T. Boon and P. van der Bruggen. who helped us in many ways, and to A. Knuth and 
T. Woelfel for help in establishing the semiquantitative CTL and ELISPOT assays, respectively. We are 
obliged to the Protocol Review Committee and Office of Clinical Trials Management of the Ludwig Insti- 
tute for Cancer Research, in particular H.F. Oettgen and E. Hoffman, for their suggestions on improving 
the protocol and for supervising the trial. 

This work was supported by a grant from the Deutsche Krebshilfe (project #70-2291). B. Thurner was sup- 
ported by the Training and Mobility of Researchers (TMR) programme of the European Union (EUNIDI). 

Address correspondence to Gerold Schuler, Dermatologische Klinik mit Poliklinik, Hartmannstr. 14. D-91052 
Erlangen, Germany. Phone: 49-9131-85-0. ext. 33661: Fax: 49-9131-85-6175; E-mail: schuler@derma. 
med.uni-erlangen.de 

Submitted: 1 June 1999 Revised: 21 September 1999 Accepted: 24 September 1999 



References 

1. Schreiber, H. 1999. Tumor Immunology. In Fundamental 
Immunology. W.E. Paul, editor. Lippincott-Raven Publish- 
ers, Philadelphia. 1237-1270. 

2. Van den Eynde, B.J., and P. van der Bruggen. 1997. T.cell 
defined tumor antigens. Cum Opln. Immunol 9:684-693. 

3. Schuler, G. f and R.M. Steinman. 1997. Dendritic cells as ad- 
juvants for immune-mediated resistance to tumors. /. Exp, 
Med. 8:1183-1187. 

4. Pardoll. D.M. 1998. Cancer vaccines. Nat, Med. 4{Suppl.): 
525-531. 

5. Romero. P., P.R. Dunbar, D. Valmori. M, Plttet, G.S. Ogg t 
D. Rlmoldl, J.L. Chen, D. Lienard, J.C. Cerottlnl, and V. 
Cerundolo. 1998. Ex vivo staining of metastatic lymph nodes 
by class I major histocompatibility complex tetramers reveals 
high numbers of antigen-experienced tumor-specific cyto- 
lytic T lymphocytes. /. Exp. Med. 188:1641-1650. 

6. Rosenberg, S.A. 1998. New opportunities for the development 
of cancer immunotherapies. Cancer J, Sd. Am. 4(Suppl.):Sl -4. 

7. Banchereau, J., and R.M. Steinman. 1998. Dendritic cells 
and the control of immunity. Nature. 393:245-252. 

8. Lotze, MX, H. Farhood, C.W. Wilson, and W.J. Storkus. 
1999. Dendritic cell therapy of cancer and HIV infection. In 
Dendritic Cells: Biology and Clinical Applications, M.T. 
Lotze and A. Thomson, editors. Academic Press, San Diego, 
CA. 459-485. 

9. Hsu. F.J.. C. Benike. F. Fagnoni. T.M. Liles, D. Czerwlnskl, 
B. Taidl, E.G. Engieman, and R. Levy. 1996. Vaccination of 
patients with B-cell lymphoma using autologous antigen- 
pulsed dendritic cells. Nat Med. 2:52-58. 

10. Murphy. G.. B. Tjoa, H. Ragde, G. Kenny, and A. Boynton. 
1996. Phase I clinical trial: T-cell therapy for prostate cancer 
using autologous dendritic ceils pulsed with HLA-A0201- 
speciflc peptides from prostate-specific membrane antigen. 



Prostate. 29:371-380. 

11. Nestle, F.O., S. Alljagic. M. GUliet, Y. Sun, S. Grabbe. R. 
Dummer. G. Burg, and D. Schadendorf. 1998. Vaccination 
of melanoma patients with peptide- or tumor lysate-pulsed 
dendritic cells. Nat. Med. 4:328-332. 

12. Romani, N., D. Relder. M. Heuer, S. Ebner. E. Kampgen, 
B. Eibl, D. Niederwieser, and G. iSchuler. 1996. Generation 
of mature dendritic cells from human blood. An improved 
method with special regard to clinical applicability. /. Immu- 
nol. Methods. 196:137-151. 

13. Thurner, B., C. R6der, D. Dleckmann, M. Heuer, M. 
Kruse, A. Glaser, P. Kelkavoussi, E. Kampgen, A. Bender, 
and G. Schuler. 1999. Generation of large numbers of fully 
mature and stable dendritic cells from leukapheresls products 
for clinical application. /. Immunol. Methods. 223:1-15. 

14. Marchand, M, N. van Baren, P. Weynants, V. Brichard, B. 
Dreno. M.H. Tessier, E. Rankin. G. Parmiani, F. Arlenti, Y. 
Humblet, et al. 1999. Tumor regressions observed In patients 
with metastatic melanoma treated with an antigenic peptide 
encoded by gene MAGE-3 and presented by HLA-A1. Int. J. 
Cancer. 80:219-230. 

15. Gaugler, B„ B. Van den Eynde, P. van der Bruggen, P, 
Romero, J.J. Gaforlo, E. De Plaen, B. Lethe. F. Brasseur. and 
T. Boon. 1994. Human gene MAGE-3 codes for an antigen 
recognized on a melanoma by autologous cytolytic T lym- 
phocytes. J. Exp. Med. 179:921-930. 

16. Herr, W„ B. Linn, N. Leister, E.' Wandel, K.H. Meyer zum 
Buschenfelde, and T. Wolfel. 1997. The use of computer- 
assisted video image analysts for the quantification of CD8 + T 
lymphocytes producing tumor necrosis factor alpha spots in re- 
sponse to peptide antigens. J. Immunol Methods. 203:141-152. 

17. Romero, P., J.C. Cerottlnl, and G.A. Waanders. 1998. Novel 
methods to monitor antigen-specific cytotoxic T-cell responses 



1677 Thurner et al. 



In cancer immunotherapy. Mol. Med. Today. 4:305-312. 

18. Chaux. P., V. Vantomme, P. Coulie. T. Boon, and P. van 
der Bruggen. 1998. Estimation of the frequencies of antl- 
MAGE-3 cytolytic T-lymphocyte precursors in blood from 
individuals without cancer. Int. /. Cancer. 77:538-542, 

19. Zhou, L.J.. and T.F. Tedder. 1995. Human blood dendritic 
cells selectively express CD8 3, a member of the Immunoglo- 
bulin superfamily. J. Immunol. 154:3821-3835. 

20. Lanzavecchia, A. 1998. Immunology. Licence to kill. Nature. 
393:413-414. 

21. Jonuleit, H.. U. Kuhn, G. Muller, K. Stelnbrink, L. Paragnik, 
E. Schmitt, J. Knop, and A.H. Enk. 1997. Prp-inflammatory 
cytokines and prostaglandins Induce maturation of potent im- 
munostimulatory dendritic cells under fetal calf serum-free 
conditions. Eur. J. Immunol. 27:3135-3142. 

22. Dhodapkar, M.V., R.M. Steinman. M. Sapp. H. Desai. C. 
Fossella, J. Krasovsky, S.M. Donahoe, P.R. Dunbar, V. 
Cerundolo, D.F. Nixon, et al. 1999. Rapid generation of 
broad T-cell Immunity in humans after a single injection of 
mature dendritic cells. /. Clin. Invest. 104:173-180. 

23. Stelnbrink, K.. H. Jonuleit. G. Muller, G. Schuler. J. Knop. and 
A.H. Enk. 1999. Interleukin- 10-treated human dendritic cells 
induce a melanoma-antigen-specific anergy In CD8 + T cells 
resulting in a failure to lyse tumor cells. Blood. 93:1634-1642. 

24. Enk, AK, H. Jonuleit. J. Saloga. and J. Knop. 1997. Den- 
dritic cells as mediators of tumor- induced tolerance in meta- 
static melanoma. Int. J. Cancer. 73:309-316. 

25. Sato, T, P. McCue. K. Masuoka, S. Salwen, E.G. Lattime, 
MJ. Mastrangelo, and D. Berd. 1996. Interleukin 10 produc- 
tion by human melanoma. Clin. Cancer Res. 2:1383-1390. 

26. Dummer, W., J.C. Becker, A. Schwaaf, M. Leverkus. T. 
MoU, E.B. Brocker. 1995. Elevated serum levels of interleu- 
kin- 10 In patients with metastatic malignant melanoma. Mel- 
anoma Res. 5:67-68. 

26a.Keikavoussi. P., C. Carstens, C. Schelcher, F. Koch, W. 
Fries, E.B. Brocker. N. Koch, and E. Kampgen. 1999. Full 
maturation of human monocyte derived dendritic cells results 
in stable expression of MHC class I molecules. Arch. Derma- 
tol. Res. 291:110. (Abstr.) 

27. Cella, M.. A. Engerlng. V. Pinet, J. Pieters. A. Lanzavecchia. 



1997. Inflammatory stimuli Induce accumulation of MHC 
class II complexes on dendritic cells. Nature. 388:782-787. 

28. Dleu. M.C., B. Vanbervliet, A. Vicari. J.M. Bridon. E. Old- 
ham, S. Alt-Yahia, F. Briere, A. Zlotnlk, S. Lebecque. and 
C. Caux. 1998. Selective recruitment of Immature and ma- 
ture dendritic cells by distinct chemoklnes expressed in dif- 
ferent anatomic sites. J. Exp. Med. 188:373-386. 

29. Balch, CM., A.N. Houghton, AJ. Sober, and S. Soong. 

1998, Cutaneous Melanoma. 3rd ed. Quality Medical Pub- 
lishing Corporation. St. Louis. MO. 596. 

30. Kamanabrou, D., C. Straub. M. Helnsch, C. Lee, and A. 
Llppold. 1999. Sequential biochemotherapy of INF-ct/IL-2. 
cUplatln (CDDP), dacarbaclne (DTIC) and carmustlne 
(BCNU). Result of a monocenter phase II study in 109 
patients with advanced metastatic malignant melanoma 
(MMM). Proc. Am. Soc. Clin. Oncol. 18:2044a. (Abstr.) 

31. Caux, C, C. Massacrier, B. Vanbervliet, B. Dubois, C. Van 
Kooten, I. Durand, and J. Banchereau. 1994. Activation of 
human dendritic cells through CD40 cross-linking. /. Exp. 
Med. 180:1263-1272. 

32. Wong, B.R., R. Josien, S.Y. Lee, B. Sauter, H.L Li. R.M. 
Steinman, and Y. Choi. 1997. TRANCE (tumor necrosis fac- 
tor [TNF1 -related activation-induced cytokine), a new TNF 
family member predominantly expressed In T cells. Is a den- 
dritic cell-specific survival factor. J. Exp. Med. 186:2075-2080. 

33. Topalian, S.L., M.I. Gonzales, M. Parkhurst. Y.F. Ll. S. 
- Southwood, A. Sette, S.A. Rosenberg, and P.F. Robblns. 

1996. Melanoma-specific CD4 + T cells recognize nonmu- 
tated HLA-DR-restricted tyrosinase epitopes. / Exp. Med. 
183:1965-1971. 

34. Chaux. P., V. Vantomme, V. Stroobant, K. Thielemans, J. 
Corthals. R. Luiten, A.M. Eggermont, T. Boon, and P. van 
der Bruggen. 1999. Identification of MAGEt3 epitopes pre- 
sented by HLA-DR molecules to CD4(+) T lymphocytes. /. 
Exp. Med. 189:767-778. 

35. Shimizu. K., R.C. Fields. M. GledUn, and J.J. Mule. 1999. 
Systemic administration of Interleukin 2 enhances the thera- 
peutic efficacy of dendritic cell-based tumor vaccines. Proc. 
Nad. Acad. Scl. USA. 96:2268-2273. 



1678 



Dendritic Ceil Vaccination of Stage IV Melanoma Patients 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□( LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

\ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



Immunosuppressive therapy 

Barry D. Kahan 

The University of Texas Mccfitai School Houston, Texfc, USA 

Although Cyclosporin A ha> improved transplant outcome, its use 
Kas serious formation* due to its narrow therapeutic window. New 
apfwitbes to broaden this window exploit itematrve drug formulation* 
pharowafcbetic proving and new Jmrowttsiippesste afleo** suth a* 
Rapamytin and e^gUnar, whkh act in » synergistic fashion Irjere If no 
evidence lo suggest that the phirmacolog/caJ afcematwe to Cyclosporin A, 
FK-504 display* * broader therapeutic window, although it- mar be 
tenfold mom potent Smifarty, despite the speototy of the <gG2a mouw 
anti-human CD1 mtmodonal Antibody, it disptoy* a vit^ficanf, range of 
<£r*cal side effect delayed therapeutic action and frequently ilMhlcs 
generation of human antt-mowe monodonaJ antibodies, taeni advances 
h monoclone amfcody lethootogr seek not only to produte anOborBe* 
aaaJna determinants invoked tn aJtoadwaluirv but also to 'humanfce' 
the antfcotfe* for reduced side efect*. 7»* avAoifey of this array o] 
potential a&*** heights the need to develop prideanes for dimcaJ 
trial rrwihodrjJogjes to addtei the unique needs and demands of organ 
transplantation. 

Gmerw Opinion in Immunology 1992. 43S>-560 ; 

Introduction mAb* reo)grte specific surface qtoypa on T 

After thirty of bui rd**dy w^oductlve pfttsW* ^1r) has^ <toct^wJ 

n^tdi/Ac Wd of^onnMinprc^ dmp »* mA* that bind ^^^^ " 

cr^rWowtr^appr^ k Ptotoaged graft ^^^^^^15 

tart to the «» «bS« tlrujp A^*rinc (An) »mJ ^xfl^orp^e^uWf tf 

cortfcosttTOkls dfenbv rebovrfy specific actions on T towards doss 1(101 or class 0 MIC ani^eo* A rtfine- 

cdtv Owofr^eMie run**! urHJe^peptidcC>tinr^xirin ment of mAb nxhnolnflr it the pjooNicuon or ronwno- 

A (CsA), notoniy improved cflnJc* uuuurnes and broad toxins. JUcin a<hain w«ln linked to mouse anU hirom 

cnul the rfinlai setting in *hlch rwispbnrt sue- CDSlgGl mAb hasbecO used by ^^s^ com 

cessfut, but also provided a unique toot for dissecting irumicaikxO w ^$K«jid nrwoni Rrafi v^sml^i ^ 

aatetion nwAarfsmi teadinjt to rympholflDc syntho esein human bone marrow transjfcnm^ Tnfc ra» 

sis. Subsequent appro** of the other the IgG2a it new agent* proffers an unprecedented oppvnunit> to 

mouse monoclonal antibody (mAb) OKT3, heralded desfcn eflecthv. yet mhiimaBy losic. regjmei* to Huprow 

the use of icagems thai bind scteaivc Toctt sh&c* ihe omcome oC rjmspfontiii<>n in maa 
rnarJcos to fmidiibtc the immimc rrspoiwx The past 
dtsauY his wtu>rss«J «arildnfi pnvrctf in thv dtvU' 
opniern of nt»w phanraoolc«ical 4tftnl* One 

( 5 the nucteotide synthesis inhiWtocsi Mfearblne 1 1 \ and wgfnicns . 

tic acid (MPA) U«|, hkxk purine -ak^ parrnv^^^ dirtcm*. dlnical ^^^ f «!^ 

the jammiton of »»nosinc mononhosphate, and the CsA, the imnium^rcssint benefits 

quiiSne carfeo^ arid Bccqulrur IDQR) Works the riousr)- lb.yttd by sUfc effats. 

noro syndicsis of fcttrnio3iK5 |3-K A third gmup. to etoqr. the aitiiciKwroid prednis one ^nxt?. 

Abbreviaiiow 

AlC-anti Viphacyie sera; AM-A/aiNop**, 8QR- -fliwiuiwn CMV rytrmrq^lnwiw: C«A-Cydosp«tn A; 
Ol-fVtiHiwC T ymftUKYiR. OTB-rrWay«J type hypwicnrtivity: ICAH-irttwettiia* adhewm mnfefiite; 
K.-inu^leukvx IFA— (jrmphocyte (unctiorv^vcciu»t antisw m*k— nvvoockwwl arrtfcody: 
HHC^-tnajcr hirfommfal^y cojnplw; Mf A m r cophcPAl«: Add MZB-fWorblnc: 
NMt-riuitMr tactor irf *aW*l*l X aAK ftvi—ttxtohoc*: tATA **p«iydrx Id-f-rtll wrfMof; Tft-T-ne^pet. 
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fy. 1. CUssification of ■nmwosuppret- 
sn*dmp bj«d upon theti his of ac- 
tion to the cefl eycfe * the firu rwhjj*, 
corticosteroid, aw* po>sWy feo*yiper- 
gjalfo, ***** amfcen- pr*Mftfln& crfv 
In tht second pa* Cyclosporin A 
(OA) ami fK-506 inhibit tymphokine 

aw wosy«tt*»« 

and Mpamydn Uftbt* «fcr*al Udnsp 
cfejci&n duiing the C| phase. In the 
third pvup fchc nucleoside jyrthciit irt- 
hfbtotfl Mfeorbine WZW and XS61443 
(a flWrphoBiwethyfettar anatog of my- 
topherwHc ackt MPA) tafctft pome 
lyntheits pathway* fcwfrg to the gm- 
fefatiirfk of ffiwwwnp crortophosphate, 
whwwi feeouiw tqwnofrw cajboiyfic ' 
acid) inhibto the oV novo synthtsft of 
pynmrfm* tt. fnterfrukinc R. reerptor. 
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equate or rabbit polyclonal amiryinphoc>te sent (AlG) 
anchor mouse OKT-3 mAhs have been combined in era- 
pineal regimens Out ait often alio red to individual pi* 
iknti. To address unr limitation of OA, nephro and'or 
hepaioHoxfcity during the inftial post transplant phxsc 
of Induction in^uru^ppreaivc therapy, which delay* 
aUhgraft and putter* recovery, phannacoldniitic control 



fi|. X epitope tarfitti At monoclonal 
*tfbodtes. *CA*A InterceSUto adhesion 
nwiecute tl r intefcufcift MMQ major 
WstocwroatibAy compJfc*: ft, «af|Kor, 
TOL 7 -call receptor 



programs row been used eithr r tu pre-setoct CsA doses 
(1 1 1 or to combine ALU o* OKT-3 with Aza/Prcd m or 
der to ddiy ttratmem with UA. However, imiraxibie, 
rather than iJdaytd, admimstratioa of CsA tu.paticntt 
rftspbyftg pood initial fcrul function avoids the <fcod 
vwtsgeK of 5 induction* namely an incwod 

risk of QVwnt^dpvirus (CMV) infection, additional ex- 
pense and/nr debyed hospital diftdurgc awaiting .sat 
isfrttory OA Icm-Hs after treatment «1th C^A. Hofttvtf, 
pAUcaiiA at exmoidinariiy high Immunofag^ ^ ^ 
to rejection of previous allografts vitiito thivc months 
or with maiKlruOyT^tTtoning oigans may preferably be 
tnjawd with AJjGor OKT-3 InoVctioo » a possible means 
*o ddiy the onset of their fusl rcjectiort episodes. Two 
nossibte alternatives for induction theiapy are the CsA 
dialogs thai may cttiplay tcducetS nephrotoxlctr^ namely 
Cyclosporin G ( 12). which substitute* norvotine A |x> 
sition 2, and JMM.12S nith a h>tdrophi&c MibsiUucnt at 
ptkrition 9. 

To dbfie, no large ondoiiH/cd «udy hxc srw^vn dut die 
induction regimen alters the t^nfcd cnttcome; rather. » 
small cohort reported by BtfitAy e# <i£ (tij sho^xd 
no dificrvnee honvwn AUG \rrsu4 initial OtA thcar* «*w 
r*^> option* for induction tbeiapv. There may lac **vrJ 
rtasoro fiirthK Kirstty; the polyclonal aTj<cnt5 ( such as 
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rabbit i* equine Mifutcsota ALG and aitftripnocyte tfob 
ufin, legardhas r>f their source, opsonize T cells tacfing 
cd their rcrnuvaJ fnim the arcubtion. This depletion nbvi 
aces T-cdl maftucd attack on the allograft Among other 
factors that must he ainstdeted b that the central intra- 
venous lues requiied for polyclonal administration rjuy 
be accidentally contaminated, producing septiccrrdx Fur- 
thee, tbe^c are no Initios of the efficacy of the poKrk*»ul 
seta. Periphcol Hood T<eH number above the tufter 
range of *tH5D/ml card out? to he useful reflections 
of the appearance of human host ami equine antibod- 
ies* not Urominotogfcal resistance to therapy. The other 
induction therapy using OKT 3, which covers anoVor 
modulates CD3 epitopes on ihe T-cett wrfaee. offers 
the advantage* of both peripheral Intravenous admin- 
istration and readty available fluofescoKt jaftuttxl ceil 
sorting (FATS) tests fur anrfrody efficacy. Ihe dinfdan 
monitors patient pertpJieqU blood roiJphocyte T odl cpi- 
tope's for ( a) ccfe *fih exposed C03 epitopes tttat were 
not bound by OKT J m iHtv hy their capacity to bind 
fluorescciuicd OKT 5 in t'imn (h) the total number of 
ciicutodng T ceBs with ftuorescenaied amiCDI a pan 
T cetl marker, and tc) the proportion of OKT-3<oited 
ccfls detected with a goat jnd-mouse IgG reagent. A sat* 
Lsfertoiy therapeutic effect is observed when the partem 
has <H% OKT3 4 cells tn titro vul 60-75% CD2*T 
cells* about 403 of which ate ctwucd widi ntouse IgG 
which hinds to OKV y ^Whtte OKT-3 represents on ad* 
vuncc tn imcnuiiosuppressm; tlterapy, it has several seri- 
ous limitations: (a) scwre first-dose rejcttowv imfoling 
oWfix* fber. myujyws and. in Ihe worst cases, puknorury 
oedema arjparcrtuV due to ipnphokine release (ptuxk 
ularty uunor nrcmste factor and iitfcrWukiA HI) 2: «h) 
Eongrnerm attest dfaris such as aseptic mcjiingais: 
(c) a deby in the dieraiH»itJc eflect for as King a* 7 
days after initiation of treatment; (d ) induction of human 
anti-mouse antibodies xenerafly of die airi icDtwype vari- 
ety, bui not uncommonly of brooder reactivity, (c) a fre- 
quent incidence of rebound re-rejectkxi episndcs upon 
completion of the therapeutic course; and (f) a tendency 
tovrjfd CMV injections in 40% of treated rtiiiernx hi id- 
dirion. both rmt^bnai and inAb reagrnfe may producv 
extexsive immunrtwipprcsskjn, resulting in inc reased in- 
cidcncc* of CMV infection and/ur of lymphomas and 
Other ncopbwttt, a> wiM is albgra/t thrombosis. Thus, 
selection <<f a OsA vrraus an amibody iiduction regimen 
must bahnce (he risks of nephrotoxic*? wrxus that of 
cxON5i«r wimuttosupprcssion. 

The use of CsA has reduced the risk of acute refection, 
bin a rational at finuch to OA administration is confused 
by the iremendiw varfctbllli)* beewcen indMdudh in dnig 
phanttacokirterim and pharmafw^nafnks [M | . >vhidx in 
turn, generates a fear of irreversible renal injury in c&£ 
the CsA £>sc is exrcssive. Threie approaches Itaiv been 
usol tn address UiK problem: (a) combining nduccd 
Cs\ ditvix with 50l)thctapeuiic amourtts of Kx» (151: 
i b) numiti King the parent impound CsA hvtsed upon iU 
trot^h coikyiurumhi prior to ihe next dnyt close 1 1 61; 
orui (c) aufustlttft OA doses pa»pcctiv«ly bawl upon 
average concentrations cakidared from 5crial meature- 
ments vf the area under the conocntradnn time oirve 



(111. Since drug ahsorprion presents the greatest vari- 
ability in fjharrraa^netics, attempts haw been made 
to Incrcjw CsA l>io*iaibbtlity by coadministration of 
Vitamin K |17|. In addition the ntuwfaoturet has pro- 
duced a new rracro<-rmjlsion formulation that Increases 
the bicwiilahitlry by.jwofold abwu that of the crist- 
mg ond solutKut or capsule pjepctnukin. which show 
equivalent baxiwlarwuty in studies comparing both for- 
mulations [iHl The critical issue seems to be the drug 
concentration in the allograft >*hite direct fnicaonenal 
mfusioA has been usoJ for experimental models of re- 
nal or cardiac aik^grafts, good dngt onuke in man can 
be achieved by presenting CsA as an aerosol in absolute 
ethanol when 'it has a mean particle diameter c*f U mi- 
crons (191. ; 

Optimal use of CsA dernands the measurement of drug 
ajncmralioru/^Mht^ at the lovl of Us rymphocjic re- 
ceptor or ur^et s^jpufi ironsduciton mofccuJef^X which 
may be caldncurin (an enzyme that may he Eovohed 
m a common step assnciaied with Y cell amUgf re- 
ceptor Mgnatinj; pathways) [2f>*l «r the midcar factor 
of actsvarcd T oalfc* CNF AT). However, a major timitn 
uon may he dte ruilure of CsA to Inhibit lyinphocyte 
jcitvatlun vta d«? CD2» sur&oe rnaiker |2I|» jn impor- 
tant co-*timubtory ruthway due together with T<dl re- 
ceptor (TOO Ktimubtion blocks indiKtiun of jnetgy tn 
T ctH ci«nes (22|. Fcmunaidy. reietaiw episodes under 
CaA |m>|»hybcuc therapy twxl fcu be readily re^^iscd by 
corticosieroid theo^.^nd the majority of sterokl<esfct* 
tant episodes arc overcome with porydooal AIC anct'or 
OKT 3 thenpy. Conicosienids are hdiwrd to represent 
the AdiMe's hod of transpbritation because of Ac wkte 
di^itributioo and pleuxroplc etfect* i»f the gluaconkokl 
leit.-ptor supcrfarnily found in ihe t>wphsm. Ihese are 
ONA bitulingdinvnV^rnnsciipuon floors with J Wc fin- 
ger structure that nxx^w enrwrut* (or nc#ttfre reg 
uJjtc«e> ctctnents benrintt *e ORE mcxif (GTACAnnnT- 
CTrci , where n - ain- nueletMide) One Imports neg- 
.tfve n^ulatory elemeri is the AP I binding sitc^ntwrnafly 
the fixtw for Vos-|un hetenxllmers An jltemath-c 
^pn>ach to the reduction of IHfJ giac»ewiioa an xtton 
rjpicat frftx)rUawtetoids, rs to Inhibtt the engine dwt 
tieaves the inactive 31 kD precursor hemecn A.<p ,ltt and 
aU ,|T to relive the l$3 catboxrl-iennlnaJ amino acids 
that consiinue It IP [24]. Another irnj>iunosvppres!iK-e 
eiTect rrtiy be achieved by the upre«uIat«Mi of the syn- 
thesU of tfajisforming growh faacr ji he steroids U5I. 
VTithdrawat U steroid treatment rmxtths to )«irs after the 
transplant may he .successful in patients who did not re- 
tect the traneipbra U&J. 

i rdiminaiy dat3 siigfsest that a ten-day course </ die IgM 
mouse anti-human TCft mAh TtG&<MA-3l HI. but 
mrt BHA031 <C Ornth. personal cximmuniration). not 
unly pmduces uquiv.dent therapeutic effects to those of 
OKT-3. btN is less toxir In temts of mddence of fever 
and neumti^ical and a»spiratoiy s>n»pruias js weB as 
of suK^tjucnt iu&ctkms* Fitrthenrwre, T10U9 timffl L< 
nu assiKuted with JS great a rise in serum creatinine 
during treatment as OKI 4 3. Mtgtcstirtg a moic rapid 
alternation of the am^inwune response, llowovr, the 
repmted use of xenogeneic antibodies during the Indue* 
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lion phase as well a< ** anii-refectiun therapy may be 
cumptated hy the dewkipmcnl of ncuuaUzbig human 
jmiimwise antibodies. 

A major g>aJ of matotemnce irnmurtosuppresstue ther 
W fe P«>ph>tei» againsi chronic rejecttoa To date, not 
only has CsVPred dwpy to retfcee the incidence 
of this compOftrtkw from (he kvH orwer«cd tin, 
der the Aza/Pred combination, hut there Is no *ay 10 
dtieonine if the Culuie ts die fci i» Inherently mode* in- 
hibidioi of &-ceU lespunsc* or to phpntas* tendency to 
limit CsA therapy to minimal. possibly incrTcttiw; dnscs 
in order to mitigate a renal injury Thus* despite* the in> 
pawsitcntin inUkilgraft sutvteil transplants continue to 
be tost in the lunger term wi|h half-fives of about seven 
vuars fcu cardiac and 11.5 years for renal tanspbni in 
huimruk A recent study of die effects of imrriunosupprcs' 
^dn^onaxc«3iyw«ularulseasew 
cardiac a)lc«rafo su&ests that RAPA particularly. CsA to 
a teasr extern, but definitely nut FK 606, inhibit paiho- 
lexical endothelial and smtxxh muscle fciorts in arteries 
.tnd jwietiole^whk*<*erntO^ 
pn^ressUm of chniotc rejection |2*|. 



New pJimtMColoy caj agents 

lloih the macm&dc FK S06 and the untkvaprpmle CsA 
intern?! rymphotane synthesis by Inhibiting tfineodon 
nf iheCa 2 * dependem tejairatory proteins NF AT. NHt- 
iA, N!U 20 t and NK xft but not c-fos, wtoch I* necessary 
fix 1L-2 pmcnciojL Presumably, hath drugs also aflect 
>ctinc protease gene wtiwcdpts, an excellent marker of 
rejetik.11 1 28). The inhibition of owoxJc T lyinphocytes 
tens), even in the presence of optima! ihxh ma of [12. 

* a noMnlnenrefca of CsA \ S>) awt nrjparcntly, rK->06. 
Despite the :usun^ckxi that OA and FK-500 produce 
?4mfljr inhibitor* effect at ksw three differences ha\* 
been observed firsi, FK iu6 <li$r>fey* a diner inhibitum 
iiww than CM with a widei discrepanq- m porency at 
the 50* .ntiibiiJon than at the V5% Inhibition level; see- 

# *dty, CsA lead* to the generation of suppress** T crib, 
xvhcrcJts FK-506 dries not; and thirdly, akhuugjh bun 
drugs inhibit Cf>»* T helper (Th) hn^ibocytes, which 
secrete 11 1 only CsA land not FK 506) Remits priming 
irf CUM+CTU (jOl. htrthermtw. Rrttsrfier und Hawle 
\M I .suggest that OA switches the immune response ui 
the Rntft fnirn a detoyied type hypersensitivity u>TH) re- 
.fMMvse to an IgG rcs|xmse by inhibiting the ThI subset 
vndi the emergeflceof the Tfc2 sithset, wttfdt aofrdy in- 
duce* IrG via IM #nenukw and Inhibit* Tt>t ccfe and 
1>TH xh IL 10. Both C$A and spate trasvcriptiui 
i»f die iluwn-rtgjjtwory lynipliokine IL-Jft. VhUe CsA in- 
Itih^ trofttcriptiiMt of 1L6. thb factor is not affected by 
IX-Wd 

fte awning >ear should wiircss publication of * ar- 
ra>' of randomized triab urnipanr^i the clinical outciNtie 
of liver and renal transplants in patienu trwtL-U with 
FK*5»]6 versus CsA. So far. a pretUnirory nun rumtan- 
izsed srutlj; of liwr rec^pientt dmwixl deu FK- 506 dicrapy 
dtfipl^ j^jtcr.netuoioxicin; equMent nephrotuxkirj-, 



but, pnerikfc to h>pe/tensk>n Ihw dx-s CsA Umpy 
\32/»] A further d aim that cOtiicosuwUs do nut havv 
ttibeuscduiih FK 506 CJimot be asseswxl due u> two 
6icu»s firsiV, the protocol stipulated hfehef Prcd««« 
in dw 0«A V\*r«rt;than those used «Uh FK SOtx and 
scLt>ndhf, to date, dtere w no phsnruo^nedc analysis 
of PR^'ouweniratldw in CaA watts FK 506 t^uwru 
gtoup$ in order to exclude a drug Interaction. Addi- 
Srvnaliy, Uie exiremelv poor results In the Initial study; 
wherein alteedly CsA nrsistaru patients were converted 
to treatment *ith F K-50fi. acnolly reflected aratgnnism 
herween the two drugt owned by (a) an adverse im- 
munob)j!lcal totewtUtw bemuen die r*i> agciiis thsa ap- 
porenuV liave similar imxhaidans ofaokm |»J and (W 
ajittixUthr pharmaaAinrtic inteiactions. Ahhuugh FK. 
506 has nnt yti t>een shown to achieve dWcal readts 
mn equindem u> tfttwe »»f CsA. eventual definition of Its 
rubiiw thcrarxutic )«indcw vwitt depend upon Vha«e II 
studies to sdect weU-toJcfatcd drux randttfit- 
ivxtl trials vetsui CsA thetapv. 
Vlicn a second agent, R^i-iii, was added in ikwex f>f 
2500^500rn^ptYdjytOjQAr| > redrefiM^ 
(o reduce the incidence of Joitc refection ept$ix!tr\ Hcw- 
ever. these high doses are «Wy to produce srwidty, 
parttcuUrry leukopenia and gasmjintestlnal eomplaims 
KandLunized pbocbtw-untruttttl trials arc under- 
way to assess the efficacy of RS6l*i3 versa* Asa added 
u> j CsA/Tittl R^'ttien t Hhcr studies are examining the 
h^paa of a fourth aftew. (leo*yspef«uafio, ui potoidare 
art AuO'A/VPrcrt 'CsA tmlucilon pr<Jt£»eal 
M\c studies that claimed Aza (Usplays pharmacological 
.AWfgiMn wtih CsA WKtJ to ulitoc n^ncaB eJtpen- 
itiental dotal or data un4*is (34). for instance, both 
in /vfn. arises W\ ai^i cfinical iesul» demonstrate 
th:a Aw acw In an additive manner raiher dian iyner- 
lisucallv ^1th CM (36j. Similar^ to iitn> artrfyses sm- 
trta 13?). n*torbinc l37U«d thalidomide 

(3H| atio aa in an lukliti* manner wfdt CsA Although 
initlat data swRgsousJ dtat BQR potentiate* the efet «f 
CsA 13— J, recent experuDcnts document true Attcrgism 
1^1. Htmw. CsA;UAPA combinarkw show the mtisi 
taqnvfrin: degree of sniierfflr both i* rtfno and Ai vtt* 
159 1 Once Phase I nuicit> trials have lieen curnpletod. rt 
will be possible assess whether BQK tir RAPA tfri|>lays 
the :ww#srJc dTeCts nith CsA in human transportation 
that are evident in rudents ;»rol bijje aownul iwxJcfc 



New morwdcmal antibody reagents 

SeanKl gcncratioii ri^b* are betn* designed to avuk! the 
Aterc svaaemic leacttnrw due to hmphuMnc release that 
fiUkw Httfia) doses OKT-j. Pot example. d«r 
anti human * P TCK mAl> IUW 031 u$txl Tor wductk)n 
therapy (tliree 5»>n^ doses adminisieied tm ahernale 
da\>> dcla>? the onset of first refectlun t-pfendes and 
probab*V improves one -^r Rraft survival (k Knight and 
BD Kahan, unpirt^sivsl data). SimHar hem-fits have been 
reported *ith moiwe and rat mAbs pr*xluccd aphm the 
xtiratinn induted a'chain. or to new epitopes nsujtiqg 
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fro* the formation ofihc ap complex, of the H/2 creep- 
mr[B|. 

However, treatment u*h ihesc aruftoules leads 10 a 
hfeh inddence of human and- mouse antibodies, which 
nay attenuate the rmnwnosupprcsslve effects. Recent 
work has explored approaches to construct either (a) 
4 chia*ric' antibodies hearing human Ft segments (trined 
to mouse H^h fra#T>ertt*. or (b) liunwnfeetf mAbs 
with mouse fdiotypes inserted onto human IgG Isotypes 
f>(g3). Chimeric antibodies cwibine the variable le- 
gions of nwuseantrlxxtoTrf^ huitwmantibocrycaottatmt 
regions and, therefore, present fewer foreign amino add 
sequences co the host However, one-third of die sme- 
ctite ts stilt of mouse ongui Furthermore, a cEnkal trial 
uettng a chimeric and-CDT mAb not only fiuled to achieve 
a superior kvd of irtununoisuppresskin toduobtt, but 
akn Increased rJiewckfcncc of v-asewfar thrornboses |7). 
TT*e latter effiactmay hate been related to the adhesion of 
ft receptors on pbtdetf and pc^TOOxphonuckar Teuku- 
cyies co (he human Fc regions; bound co endoiheuurn 
xxa mouse epitope*. On the other hand, 'ruimantoecT an- 
tibodies combine onhr ihe smaJkst part of a mouse an- 
tibody that is nsquired, the antigen ambining si*, with 
human variable region faraewwks and constant reports. 
Due to the reduced affinity of humanized" andhndtes for 
am%cncplU)pc3 t a>crd/ (40*| recr>rimeiidedtpmirw 
vaUons.- firstly, selection of a human framework that is its 
homutugous to tl< orijpmri mouse antibody as possible; 
and secondly. Insertion of key residues from the mouse 
model tntn the construct In order to achieve a molecular 
ODfifbrmation tha Is simitar to me native MJorype. Ihe 
bcnefcfcj effects of chime/k and humanjaed' variants of 
mouse mAh$ will be etorifed onty hy raitkjmttcd dmical 
trials. . 

Two alrematht; apprcoches seek to utilize mAhs 
rated against donor MHC amigcm> or agalns*. co-re- 
oeptor molecules- In a study of non human primate*, 



OKT 4A IgGZA mAbs, which react with die CD4 oD-recep- 
tor «n Tn cell* provoked fewer jskteetotsthanOKTS 
16|. m an initial dmkrai trial of OCT 4A Induction ther- 
apy (Oam&'Wday); ai she patients suffered refections. 
Ttec rejections were re^rsiWe, but left "=» 
o/dcad tissue rettdtlnj! from an obstruction of the Wooa 
supply in haJT the renal allografts. LYifcramaery, 0KT-4A 
also generated a strong human anti-mouse antibody re- 
sponse 0 Barry, peroral corr^tunicatkw). experimental 
animal models are currently being used to determine if 
amlbodf efficacy Is rehiod toT cell detetiun and ts poten- 
(iated by simultaneous treatment with an and mAb. 
Oo the one hand/Fairuran and colleagues found 
that depleting antKCD4: mAbs produced prolonged alb- 
unr«3por^vcncis toward allogeneic panaearJc isto, an 
effect that was moderated by slrridtarteous ucaonent with 
inU cra^mAhji, suggesting the role of a n«uiaor€D8* 
cd. On the other hand, Wakbnann anrl cWJeagtiej 142) 
inoucedtnlainoe towed mouse heart tmH&nts where 
the donor and recipient were m* maxhed at MIK: Irrd 
using an antiCW rnAh that not oruy <W not deplete T 
ccfls but also was potentiated fay sfamilranctMis adminlv 
tratton of an annXDR mAb. 

A second approach to co-receptor moleculei \s based un 
the interaction of h^rjhoeyte runcdun asstvdated anti- 
gen (tFAM on CTLs iivith (he trurodlutir adhesion 
molecule (|CAM>t or monocytes, expression of ICAM-J 
« urvrejjjitted foUowtng rjtnpfM)Wnc release, which or- 
curs during acute allograft re|e«tonbui rim dun^ other 
rafrolrgical events In the kidney Prophyfactic and 
chcnipeuuc administrations of a mAb dircoet) against the 
high mrjlccubr wdftht « chain of human ICAM-l alone 
delayed both the onset and pnjsnsskni of rejedion 
cpi,srxk$ m primate renal ailogralt models. I'sing mouse 
mAhs directed agamst MM. Stoppa ti at [U\ re^rsed 
sicioid resistant acute graft versus host reocaorts in mia 
Indeed, the comtorno'cin t»f antl4CAM-l and suttl lFA-1 
mAbs produced alto tolerance in mice mat wre nut u mt 




*HmninucetrmAb 



fig, 1 Types of monoclonal arufcnfy. 
Chimtric antibodies combine ihtr vjrf 
aKlr rrgtani of motiM vthn&a watt 
hiimin constant tegiont *ruf, therefore, 
present fewer fotegn arrino aod se- 
quences to the hotL XurnanuMf «tl»- 
hc^ncorflfaine on^ the smalest part 
aii mouse antibody that is required 
the antigen bincfetg site* with human 
variable rrgiArt frAmeworks in6 enn- 
rtint regions. 



Material may be protected by copyright law (Title 17, U.S. Code) 



patible at the Mi IC level M5"L These pmmWmj results 
in arunul models warn; mAbs directed against T<efi ami 
monocyte co- receptors await conSmuiion in coi>troUed 
clinical trials. 

Whale duucal tntccveniiCMtt co due have IcxumxI un using 
inAhs directed awards surface epitopes mtporunt for 
the affeicnt fimh of the alk» immune rcponse, there b ' 
mcreasaqg evidence diat antfldioiypic antibodtc* either 
cxnp»nudy intmduced or cnoftgeanusty. ^xtnunuousty 
gencraicd. rnjry regulate the mduak» of aflrv immune re 
sponses A tccem study performed by Snider 14ft) sug 
gested (bat iiTummisuion of hosts with ani^gexi^infibody 
complexes confers i bias in ihe epitope, reacting in a 
less eftrfett antibody response dot shews antf -kjborypic 
properties *lhU approach represents a ponieubm; fentfc 
ground for ctinical exploration, 



Cytokine re ctytor analogs and antagonist 

A new group uf immurtosupprcsslw* agents .ue die ty 
iokinc rrocpcorancigomsis. 11m tfisrwry and initial test- 
ing of an IL-1 receptor anugonisc has been nxtewed by 
Mend |47). IjcG-xtimulated human monocytes naturally 
produce receptor ancagpnist, a heterogenous array 
of grjrojirmaru of I >^25 kR. depending upon their de- 
gree of gfyafeTbUoa It ) receptor antaflpnbi binds type 
I, but mil type II f IL-1 receptors without aaivaunj( otfk 
and wtfi curtfklciahV Icm aviliiy than native II.- kt anil 
IH. Type I II I receptors are present <m Th2 cells 
«md fibrobh&to; Type II IL-1 rtwiptois are present on 
H cdis, neutrophil and macropltagcs. AluSourfi ther- 
apeutic trial* of IH receptor antagonist in rheumatoid 
arthritis and septic nhodt suggest some beneficial effects, 
. ¥ ahovr v* erf. M&I (ailed to ohserw thai It 1 receptor an 
Mgonist inhibited induction of CTLv cutaneous IJffH, or 
Tcdl depertdera humoral antibody responses llwyalso 
tarul that arfrrintorari^ recep 
btf (35f \w Ineffective. Fanslow ef at [49* I secttttly 
exttnrind thar previous studies, widen tued construct* 
of the extra-membranous portion of the IL1 nxeptor, 
by urine, similar construct* of the IL-i receptor, fn the 
initial studies* mcy prolonged Iieierotnplc pinna!, ncona- 
til mouse ttean atk^raft stirvrval, hut failed to prevent 
aIk>scnsitouon. as dncuincnied by a nrpkl .secondary 
rype proUSrraiKe response upon in iV/w> one-way mixed 
\mphocyce reaaions In their recent audie*. construct* 
of IL-t receptor alone, or in corahiuadon wiin rat anti- 
mouse \V4 receptor mAb. induced modest |WT)onprUon 
of heart atb-exofants. 



Immunosuppressive drug trials 



Of the numerous obstacles currtnih* hindering the dcivi- 
opmenr of e/fiacimis imniLiniuiuppn.-ssj\r rcpmuis* die 
lack of oKsthodotogy for cutiical traanplaniSitian uiAs K of 
particular importance. To date, no scries of Pliaw I and 
U toxicity and dav-fiiuiing trials has Ixvtx cotiducied in 



aider tn «uhU* a ft>undfltii« ftir diruttl imtst^rtoa 
The Intniduciion td aml steroids, and CsA, as wl U *e 
prcCmkury trials of >K 50^ hw relied upon empirical 
apprtwebo, Importarrt obstxics to ce^prchwsfre irtds 
inchide the febdvdy small numhers of innspwm cases, 
die use (/unrefined erwVpoints such u graft and paitom 
sumvat and the befc of *t«^tthlishod criteria for me 
diaffif«» and ftodirifc frf rejecrinn episodes, deficit* that 
obfuscate the use of das event a& an uvierjnediate end- 
pobiu rn addnkwK ini in iitn> Imrmiru? assay predicts 
or correlates with <jr tiro Irrroiunosuppressive efficacy; 
hence, there is no surrogate imrmmepaiaineterasabasis 
of taiirttiwsajriprcssJve efficacy and'or for dose extrapo- 
lation from to vino systems w in i^ocondltkws. 
Since present results with CsAbascd rccjniens yield cx- 
ccOcni Ktaft survival CJttrernefy bnjjo* numbers of pa* 
uents must be entered irm> cUnical trials to docum ent 
improved efficacy of a new agent Even more extensive 
eflbns w« be needrtl to exclude the posMbftty dot ihc 
adults wiih the neW agent are not actually worse than 
thuse obtained vithjthc odstent <*sA regimen, to tight 
of the presentry h^ success rate* the benefits of any 
new n^mcn must he based upi»n both the potency 
and the mbigatjon of 5idc c&cft, as asussed hyquaiv 
Uuuve parameters lndudirtx gjomendar oluauon rates, 
The practice of dWca) icsearcli in trarispiaruaUon must 
.• proceed to develop principles of tiRuious study design 
and precise anafyciat roots in order to most expcditiousY 
o-aliate the j\-a2ahle array of new imiminwippTewiints 
described in tins review. 
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INTERLEUKIN-12 (IL-12)-DRIVEN ALLO IMMUNE RESPONSES 

IN VITRO AND IN VIVO 

Requirement for pi Subunit of the IL-12 Receptor 1 

Joseph R. Piccotti, 2,3 Kewang Li, 2 Sherri Y. Chan 2 Ernst J. Eichwald, 4 and 

D. Keith Bishop 2 - 5 
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Background, Interleukin-12 (IL-12) mediates its bio- 
logic activities via binding high-affinity receptors on T 
and natural killer cells. Although emphasis has been 
placed on the requirement for IL-12R02 in IL-12 bio- 
activity, the role of IL-12R/31 is less well defined, The 
current study evaluated the effects of exogenous IL-12 
on alloantigen-specific immune responses and deter- 
mined the requirement for IL-12R01 in IL-12-mediated 
alloimmunity. 

Methods. The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of IL-12 on 
alloantigen-specific immune responses in vivo. In ad- 
dition, IFN-y production in mixed lymphocyte cul- 
tures (MLC) supplemented with IL-12 was measured to 
assess the effects of IL-12 on Thl function in vitro. 
Mice deficient in IL-12R/31 (IL-12R01~'~) were used to 
determine the requirement for this receptor compo- 
nent in IL-12-driven alloimmune responses* 

Results, Addition of IL-12 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
IL-12 did not alter these in vitro immune parameters 
in IL-12RP1"'" MLC- Treatment of wild-type cardiac ; 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon*y (IFN-y) and a 10-fold 
increase in IFN-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had no effect on serum IFN-y or in 
vivo priming of Thl in IL-12Rpi~'~ recipients. Finally, 
administration of IL-12 to WT allograft recipients re- 
sulted in a bimodal autoantibody response: antibody 
production was suppressed at high doses of IL-12, and 
enhanced at lower, doses. 

Conclusions. IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
Thl -driven responses do not culminate in accelerated 
allograft rejection. Further, these data indicate that 
IL-12R/31 is essential for the enhancement of both in 

1 This work was supported by grant R01 AI31946 (D.K.B.) from 
the National Institutes of Health. 

2 Department of Surgery, Section of Genera) Surgery, University 
of Michigan. School of Medicine. 

3 Address correspondence and reprint requests to Joseph R. Pic- 
cotti, Ph.D., Transplant Immunology Research Laboratory, Section 
of General Surgery, A560 MSRB II, Box 0654, University of Michi- 
gan Medical Center, Ann Arbor, MI 48109-0654. 

4 Department of Pathology, University of Utah School of Medicine. 

5 Department of Microbiology and Immunology, University of 
Michigan School of Medicine. 



vitro and in vivo alloimmune responses by exogenous 
IL-12. 

It is well established that interleukin-12 (IL-12*) is a crit- 
ical cytokine involved in the regulation of Thl- and Th2- 
mediated immune responses in several experimental models 
(reviewed in 2 and 2).,IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2, respectively {3-6). Further, 
this cytokine promotes Thl and inhibits Th2 development 
indirectly by inducing interferon-y (IFN-y) production by ac- 
tivated T cells and natural killer cells (7-72). Thl have been 
accepted as key regulators of allograft rejection, in that this 
cell type promotes both delayed-type hypersensitivity and 
cytotoxic T lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection (23, 14). An understanding of the role of IL-12 in 
graft rejection is just emerging. For example, IL-12 clearly 
augments alloreactive Thl development in vitro (25). How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection (25, 16). Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12/Thl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
function, resulting in accelerated allograft rejection. The 
present study therefore was designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting with a 
high-affinity receptor, which consists of at least two cloned 
components, IL-12Rj31 and IL-12R02 (27-79). IL-12R/31 in- 
teracts with the p40 subunit of IL-12, whereas the p35 sub- 
unit of IL-12 is believed to bind to IL-12R/32 {19 f 20), Em- 
phasis has been placed on the necessity for IL-12R02 in IL-12 
signaling (21, 22).However, by utilizing 1L-12R01 knockout 
mice <IL-12R01~ /- ), Wu et aL (23) recently reported that the 
/31 subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-y production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit 
of IL-12 stimulates alloreactive CD8+ Thl development both 
in vitro (24) and in vivo (25). These observations suggest that 

♦Abbreviations: Con A, concanavalin A; ELISA, enzyme-linked 
immunosorbent assay; GVHD, graft-versus-host disease; H&E, he- 
matoxylin and eosin; IFN-y, interferon*y, IL, interleukin IL- 
12R/31 -/ ~, mice deficient in pi subunit of IL-12 receptor; mAb, mono- 
clonal antibody; MLC, mixed lymphocyte culture; WT, wild-type. 
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VL-12R01 may be needed for alloreactive Thl development, 
and that signaling through IL-12R01 may be sufficient to 
mediate lLrl2*s biologic activity on CD8+ T cells. Hence, the 
present study employed IL~12R|31~'~ mice to determine 
whether /31 subunit of IL-12R is required for IL-12-induced 
alloantigen-specific immune responses. To our knowledge, 
this study is the first to investigate the effects of IL-12 
treatment on alloreactive Thl development in vivo and to 
establish a mandatory role for IL-12R01 in IL-12-driven al- 
loimmune responses. 
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this model, the transplanted heart is perfused with the r' * ,n 
blood and resumes contractions until acutely rejected, which?* 001 '* 
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MATERIALS AND METHODS 

Mice. Wild-type (WT) C57BL/6 and BALB/c mice between 6 and 
12 weeks of age were obtained from Charles River Laboratories 
(Raleigh, NC). Generation of C57BW6 IL-12Ej31~'~ mice has been 
described previously (2$). These mice were generated on the 129/Sv 
background and back-crossed to C57BL/6 mice for five generations, 
then intercrossed to generate homozygotes. 

Medium, The culture medium used in these studies was Dulbec- 
co*s minimum essential medium supplemented with 1.6 mM t-glu- 
tamine, 0.27 mM uasparagine, 1.4 mM t-arginine HCl, 14 jxM folic 
acid, 10 inM HEPES buffer, 1.0 mM sodium pyruvate, 100 unita/ml 
penicillin/streptomycin, 2% fetal calf serum (ail obtained from Life 
Technologies, Grand Island, NY), and 5xi0~ 5 M 2-mercaptoethanol 
(Sigma Chemical, St Louis, MO). 

MUogen-driven cytokine production. To investigate the require- 
ment for the 01 subunit of IL-12R in mitogen-stimulated IL-10 and 
IFN-y production, splenocytes (2X10 6 cells/ml) isolated from naive 
WT or IL-12R01"'- C57BL/6 mice were incubated for 72 hr with 1 
Hg/ml concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IL-12 (rIL-12) 
(kindly provided by Dr. Maurice Gately, Hoffmann-La Roche Inc.) to 
assess the effect of exogenous LL-12 on Con A-stimuJated cytokine 
production by splenocytes of WT and IL-12R01-deficient mice. Re- 
sulting supernatants were harvested at 72.hr, and the concentra- 
tions of TL-IO and IFN-y measured by enzyme-linked immunosor- 
bent assay (ELISA). 

In vitro altoimmune responses. To assess alloantigen-specific Thl 
development, splenocytes (lxlO 6 cells/ml) isolated from naive WT or 
IL-12R01"'" C57BIV6 mice were incubated for 5 days with irradi- 
ated (6000 rads) BALB/c splenocytes (lxlO 6 cells/ml). Where indi- 
cated, 1 ng/ml of murine rIL-12 was added to primary mixed lym- 
phocyte cultures (MIX!) to assess the effect of exogenous IL-12 on 
alloantigen-driven Thl function and to evaluate whether Thl from 
IL-12R01-deficient mice were responsive to IL-12 stimulation. The 
concentration of rIL-12 was selected from dose-response experiments 
in which the amount of rIL-12 needed for maximal enhancement of 
alloantigen-specific proliferation was 5-10 ng/ml (data not shown). 
Resulting cell populations were harvested, washed three times, and 
restimulated (at lx 10 s cells/ml) with irradiated BALB/c stimulator 
cells (lxlO 6 cells/ml). MLC supernatants were collected after 24 hr 
(IL-4 and IL-10) or 72 hr (rFN-y), and cytokine concentrations mea- 
sured by ELISA. 

In addition, splenocyte proliferative response to alloantigens was 
determined in cultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or IL*12R01- /- C57BIV6 splenocytes 
(1x10° cells/ml) were stimulated for 5 days with irradiated BALB/c 
splenocytes (1X10 6 cells/ml) in 96-well U-bottom plates (Becton 
Dickinson, Lincoln Park, NY) in a final volume of 200 ^1 (done in 
quadruplicate). Cultures were pulsed with 0.5 /n£i/well [methyl- 
S H1 thymidine (ICN, Costa Mesa, CA) for the final 8 hr of the incu- 
bation period. [methyl- 3 H!Thymidine incorporation was assessed on 
a Wallac 1205 Beta plate scintillation counter (Wallac, Turku, Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2^) hearts 
were anastomosed to the great vessels in the abdomens of WT or 



acutely rejected, which < 
jtrain combination i n annr. . 
mately 8-9 days (25, 24). Graft function was evaluated b d 
abdominal palpation. Myocyte damage and intensity of graft- r*' 
trating cells were assessed by routine hematoxylin and eosi n m&p 
staining of paraffin-embedded sections of transplanted allograft* 
Experimental groups. Cardiac . allograft recipients were divid 
into four groups: (1) recipients injected intraperitoneal^ with 1 m r 
anti-CD8 monoclonal antibody (mAb) (hybridoma 2.43, purifie/b 1 
Montana ImmunoTech Inc., Bozeman, MT) on days -2 and -i 
before transplantation, (2) animals given daily intraperitoneal ini 
tions of murine rIL-12 (0.1 or 1.0 Mg) on days 1-6 after tiaosplan. 
tation, (3) recipients injected with a combination of 2.43 ami-CDS 
mAb plus rIL-12, and (4) unmodified (no treatment) mice, which 
served as controls. Depletion of CD8+ cells (<2%) was verified by 
flow cytometry using anti-CD8:fluorescein isothiocyanate antibody 
(PharMingen). 

In vivo alloimmune responses. To monitor in vivo Thl develop* 
ment, splenocytes (lxio 6 cells/ml) obtained from allograft recipients 
were restimulated with irradiated BALB/c stimulator cells (lxio* 
cells/ml), and the concentration of IFN-y was measured by ELISA 
As an additional measure of the in vivo activity of IL-12 on IFN-7 
production, sera IFN-y concentrations in WT and IL-12R/31"'* car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of IL-12 treatment on B cell function, sera alloantibody 
(IgM, IgGl, and IgG2a) levels were determined (see below). 

Cytokine ELISA, Experimental samples (100 mO were added in 
triplicate to plates coated with 5 jig/ml rat anti-mouse IFN-?, IL-4, or 
IL-10 capture antibodies (PharMingen). Standards were employed 
by preparing 2-fold dilutions of murine recombinant IFN-v, IL-4, and 
IL-10 (PharMingen), with a starting concentration of 25, 2.5, and 10 
ng/ml, respectively* After a 1-hr incubation at room temperature, 
plates were washed three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 fig/m\) (PharMingen) was then added, and plates were 
incubated at room temperature for 45 min. Plates were then washed 
three times with 0.05% Tween 20 in PBS, and 100 ml of avid in- 
peroxidase (Sigma Chemicals) was added. After a 30-min incubation 
at room temperature, plates were washed three times with 0.05* 
Tween 20 in PBS, and 100 ml of 2,2'-azino-bis(3-ethylben2;thiafcoline* 
6-sulfonic acid) substrate (Sigma Chemical) was then added to each 
welt After 20 min, absorbanco was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instruments, Winooski, VT). Sample 
cytokine concentrations were calculated from a standard curve. The 
sensitivity of this assay is approximately 300 pg/ml for IFN-7, 100 
pg/ml for IL-4, and 150 pg/ml for IL-10. 

■Sera alloantibody determination. P815 cells (H2 d ) were stained 
for flow cytometric analysis using dilutions of sera (1:60) obtained 
from cardiac allograft recipients as the primary antibody, followed by 
fluorescein isothiocyariate-conjugated isotype-specific anti-mouse 
IgM, IgGl, and IgG2a secondary antibodies (The Binding Site, San 
Diego, CA) t Data are reported as the mean channel fluorescence 
determined on a Becton Dickinson FACScan, 

Statistics. Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 

RESULTS 

Requirement for lL~12Rfil in T Cell Responses in Vitro 

Enhancement of mitogen-driven IFN-y and IL-10 produc- 
tion by IL-12 requires IL-12R&1. IL-12 stimulates concomi- 
tant production of IL-10 and IFN-y by activated T cells (75, 
26, 27). To determine whether j31 subunit of IL*12R is re- 
quired for production of these cytokines, C57BL/6 spleno- 
cytes isolated WT or IL-12R/31 -deficient mice were stimu- 
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lated with Con A for 72 hr, and supernatant cytokine 
concentrations -were determined by ELISA. Production of the 
Thl cytokine IFN-y by Con A-stimulated splenocytes isolated 
from IL-12R/31"'' mice was readily detectable (Fig. lA) t al- 
though concentrations were lower than that seen in WT 
controls (n>12ftfl-'--1.03 ng/ml vs. WT=*5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-y pro- 
duction by mitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast, IFN-y production by 
splenocytes from IL-12R)31 W ~ mice was not altered after the 
addition of rIL-12 (1.54 ng/ml). 
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The requirement for IL-12Rj31 in IL-12-driven IL-1G pro- 
duction also was assessed. Splenocytes isolated from IL- 
12R01-deficient mice produced similar levels of IL-10 upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml), However, the |31 
subunit of IL-12R was required for this response, as IL-12 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12RJ31"'*" splenocytes. 

In vitro alloreactive T helper cell development. To evaluate 
the requirement for IL12R/31 in IL-12-driven alloantigen- 
specific T cell development, naive splenocytes obtained from 
WT or IL-12Rpi~ /_ mice were incubated for 5 days with 
irradiated BALB/c splenocytes in primary MLC, which were 
either left unmodified or supplemented with rIL-12. Result- 
ing ceil populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL-12, and in vitro 
IFN-y, IL-4, and IL-10 production determined by ELISA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-y upon restiraulation with alloantigens. Splenocytes ob- 
tained from IL-12R01~'~ mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells (WT=2L32 ng/ml vs. IL-12R|31- / "=572 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12R/31-deficient mice was not associated with a decrease in 
the cells' ability to proliferate in response to alloantigens 
(Fig. 2), in that [methyl- a Hl thymidine incorporation by al- 
loantigen-stimulated IL- 12R/31-'- splenocytes was similar to 
that seen by WT cells (IL-12R01~'- = 13,385 cpm vs. 
WT=11,441 cpm). In both groups, IL-4, IL-10 (Table 1), and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1, exogenous rIL-12 markedly enhanced 
IFN-y production by WT splenocytes in vitro (21.32 ng/ml vs. 
215.13 ng/ml), but failed to augment IFN-y secretion by cells 
obtained from IL-12R01''" mice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise, rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2), but did not alter the prolifer- 
ative ability of splenocytes isolated from IL-12R01-deficient 
mice. Finally, the addition of exogenous rIL-12 to cultures 



Table 1, IL12 does not enhance alloantigen-specific Thl 
development in IL-12R61"'" mice in vitro 0 



Figure 1, Mitogen-driven cytokine production by splenocytes iso* 
lated from IL-12R/31"'" mice. Splenocytes (2X10 6 cells/ml) obtained 
from WT or IL-12R/31"'" C57BL/6 mice were stimulated in vitro with 
1 /xg/ml Con A. Cultures were either left untreated or supplemented 
with murine rIL-12 (1 ng/ml). Supernatants were collected after 72 
hr, and the concentrations of IFN-y (A) and IL-10 (B) were deter- 
mined by ELISA. Results are expressed as the mean cytokine con- 
centration in triplicate samples ± SD. Data are representative of 
three separate experiments. In panel A, *, £<0.05 (WT unmodified 
vs. IL12R01''- unmodified); *** P<0.005 (WT unmodified vs. WT 
IL-12-treated), In panel B, *, F<0.05 (WT unmodified vs. WT IL-12- 
treated). 
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C57BIV6 mice were incubated for 5 days with irradiated allogeneic 
splenocytes (1x10 s cells/ml) in unmodified MLC or MLC supple- 
mented with murine rIL-12 (1 ng/ml). Resulting cell populations 
were harvested and restimulated with alloantigens for cytokine de» 
termination. Supernatants concentrations of IFN-y (72 hr), IL-4 (24 
hr), and IL-10 (24 hr) were measured by ELISA. Results are ex- 
pressed as the cytokine concentration in triplicate samples (mean ± 
SD). Data are representative of four separate experiments. ND in- 
dicates not detectable. **, J°<0.01, WT unmodified vs. IL-12R/31-'" 
unmodified; ***, P<0.005, WT unmodified vs. WT IL-12-treated. 
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PlQURE 2. The 01 subunit of IL-12 receptor is required for IL-12- 
induced stimulation of alloantigen*specific splenocyte proliferation. 
C57BLA5 splenocytes (lxib 6 cells/ml) were stimulated with irradi- 
ated allogeneic BALB/c splenocytes (lxlO 6 cells/ml) in 96-well ini- 
crotiter plates for 5 days. Cultures were pulsed with 0.5 jiCi/well 
[methyl- 3 HJtbymidine for the final 8 hr of the incubation period, and 
thymidine incorporation was determined by liquid scintillation spec- 
trophotometry, Results are expressed as the mean cpm in quadru- 
plicate samples ± SD. Data are representative of three separate 
experiments. * P<0M (WT unmodified vs. WT IL-12-treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes, but not IL.12R01"'" cells (Table 1). Collec- 
tively, these data indicate that the 01 subunit of IL-12R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous rIL-12, including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-7 and 1L-10 
production. 

Effects of Exogenous IL-12 on Alloimmune Responses 
in Vivo 

Enhancement of serum IFN-y by IL-12 treatment To mon» 
itor the in situ effects of IL-12 treatment on IFN-7 production 
in cardiac allograft recipients, serum IFN-y concentrations 
were measured on day 7 after transplantation (Fig. 3), In 
both WT and IL-12R/31 _/ ~ allograft recipients, serum IFN-y 
was undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rIL-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had little effect on the concentration 
of serum IFN-y in IL-12R01"'" allograft recipients. 

Effects of on alloantigen-specific Thl development in 
vivo, Splenocytes obtained from cardiac allograft recipients 
were restimulated in vitro with donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA. This assay detects in vivo primed Thl, in that spleno- 
cytes from naive, non transplanted mice produce minimal or 
undetectable levels of IFN-y under these conditions (16", 16, 
24). Restimulation of splenocytes from unmodified IL- 
12R/31~ / " allograft recipients with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 



5- 



□ WT 

IL-12RB1./- 



ND ND 



Unmodified 



IL-12 



Treatment In Vivo 

Figure 3. Treatment of WT, but not IL-12R|31"'"' allograft recipi- 
ents with rIL-12 markedly increases serum IFN-?. WT or IL- 
C57BL/6 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injections of 1.0 
jig of rIL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and serum collected 
after centrifugation. Serum IFN-y was determined by ELISA. Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD. Data are representative of three independent exper- 
iments. ND indicates not detectable. ***, P<0.005 (WT IL-12-treated 
vs. IL-12R/31- 7 - IL-12-treated). 



to that seen in WT recipients (ILrl2R/31"'~^7.16 ng/ml vs. 
WT=6.24 ng/ml) (Fig. 4), Treatment of WT recipients with 
IL-12 resulted in a 10-fold increase in the production of IFN-7 
(59,05 ng/ml). In contrast, IFN-y production by splenocytes 
obtained from IL-12R01"'" recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml), indicating 
that the 01 subunit of IL-12R is required for IL-12-mediated 
enhancement of in vivo sensitization of IFN-^producing 
ceils, Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous IL-12 on cardiac allograft rejection. 
As IL-12 treatment markedly enhanced Thl responses in WT 
allograft recipients (Figs. 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12R01-'*" allograft 
recipients bearing BALB/c hearts. Cardiac allograft recipi- 
ents were either left untreated or injected once daily with 1.0 
iig of rIL-12- Treatment of WT allograft recipients with this 
dose of rIL-12 (n=10) resulted in symptoms of cachexia in- 
ducting weight loss (mean decrease =2.0±0.7 g in 1 week)» 
ruffed fur, hunched posture, and decreased activity. In con- 
trast, IL-12R/31"'" allograft recipients exhibited no signs of 
lL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shown; 15, 24X 
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Treatment In Vivo 

Figure 4. Enhancement of in vivo sensit«ation oflFN-rPjroducing 
U> by IL-12 requires II,l2RfJl. WT or IL-tfRpy'- C57BL/6 car- 
diac allograft recipients were either left untreated or injected daily 
with 1.0 ug of rftrl2 on days 1-6 after transplantation. To assess in 
vivo Thl development, adenocytes UXIO 8 cells/ml) obtained from 
cardiac allograft recipients were restimulated with irradiated 
BALB/c splenocytes (1x10 s cells/ml). Supernatants were collected 
after 72 hr, and the concentration of IFN-y was determined by 
EL1SA Results are expressed as the mean concentration of IFN-Yin 
triplicate samples ± SD. Data are representative or three separate 
experiments. *»*, P<0,005 (WT unmodified vs. WT IL-12-treated). 

Cardiac allografts in IL-12RP1"' - recipients were rejected in 
a similar fashion to that seen in IL-12-deficient mice (15), in 
that grafts were uniformly rejected by day 7 (n«8). As ex- 
pected, treatment of IL-12Rf31"'- allograft recipients with 
rIL-12 had no effect on the tempo of allograft rejection (n=6). 
Interestingly, despite the overwhelming Thl response in- 
duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 
treatment of these animals with rIL-12 did not appear to 
accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipients on day 7 after transplan- 
tation. For example, 7 of 10 (70%) allografts of WT recipients 
treated with rIL-12 were still functioning on day 7. A histo- 
logic evaluation of these grafts revealed similar parameters 
of early rejection compared to unmodified WT recipients. 
Specifically, histology was characterized by diffuse mononu- 
clear cell infiltrates, viable myocytes as evidenced by visible 
nuclei, and relatively uninvolved vessels (Fig. 5). Hence, 
rIL-12 treatment did not accelerate the pathologic changes 
associated with acute rejection. 

Phenotype of alloantigen-reactioe Thl in WT allograft re- 
cipients treated wilh rIL-12. To determine the phenotype of 
Thl responsive to exogenous rIL-12, WT cardiac recipients 
were depleted' in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CD8 depleted cardiac allograft recipients pro- 
duced markedly less IFN-y upon in vitro restimulation with 
irradiated donor splenocytes (WTunmodified=6.l5 ng/ml vs. 



Figure 5. Exogenous IL-12 does not exacerbate cardiac allograft 
rejection. C57BL/6 WT recipients of BALB/c cardiac allografts were 
either left untreated or injected mtraperitoneally with mnnne 
(1 0 og) on days 1-6 after transplantation. On day 7 allografts were 
harvested for histologic evaluation. (A) H&E-stained section of allo- 
crafts frota 'WT recipients left untreated (original magnification, 
X400) (B) H&E-stained section of allografts from WT recipients 
treated with rIL-12 (original magnification, x400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes and vessels. These characUmt.es are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis and vascular damage, which is observed on days 8 or 9 after 
Transplantation. Results are representative of at least 10 md.v.dual 
transplants for each experimental group. 

WT anti-CD8 mAb-treated=0.52 ng/ml). Similarly, Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig 6), aa depleUonof 
CDS cells resulted in a reduction in IFN-y production (WT 
IL-12-treated=35.89 ng/ml vs. WT IL-12 plus anti-CD8 mAb- 
treated=2.75 ng/ml). 

IL-12 Treatment (1.0 fig/ Day) Inhibits 
Alloantibody Responses 
Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant ^mentation 
of serum IFN- 7 (Fig. 3) and in vivo priming of Thl (Fig_4), 
one would predict that IL-12 treatment should drive IgGZa 
alloantibody production. To test this possibility, sera alloan- 
tibody production was assessed on day 7 after transplanta- 
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FlOUBE 6. Alloanti^en-specific Thl responding to exogenous rIL-12 
are CD8+ T cells. In these experiments, splenocytes were obtained 
from cardiac allograft recipients either left untreated or treated with 
anti-CD8 mAb, rIL-12, or a combination of anti-CD8 mAb plus rlL- 
12. Thl function was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN*y m triplicate samples ± SD, Data are representative of three 
separate experiments. ***, P<0.005 (WT unmodified vs. WT anti- 
CD8 roAb-treated; WT IL-12-treated vs. WT IL-12 plus anti-CD8 
mAb- treated). 



tion in WT cardiac allograft recipients either left unmodified 
or treated once daily with 1.0 yug of rIL-12. In these experi- 
ments, sera IgG2a was undetectable in rlL- 12- treated WT 
allograft recipients at this time point (data not shown). Fur* 
ther, treatment of WT recipients with rILrl2 resulted in 
reduced sera IgM alloantibody in three independent experi- 
ments, compared to untreated WT recipients (Table 2), This 
observation indicates that high doses of rIL-12 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of IL-12R/31 - '" allograft recipients with 

Table 2, High-dose rIL-X2 inhibits IgM produc tion in vivo" 
Serum IgM <mean channel fluorescence) 



Unmodified 



IL-12 Treatment 



WT 
Experiment 1 
Experiment 2 
Experiment 3 

IL-12RP1-'- 
Experiment 1 
Experiment 2 
Experiment 3 
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rIL-12 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects of Low-dose IL-12 (0.1 fig I Day) on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipients after 
rIL-12 (1.0 n-g/day) treatment (Table 2) may have been 
caused by anti-proliferative or toxic effects on B cell function 
caused by rIL-12 and/or IFN-y. To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
fig of rIL-12 and sera alloantibody levels were assessed on 
day 7 or 8 after transplantation. No alterations in the patho|. 
ogy of allograft rejection was observed in recipients treated 
with 0.1 jxg of rIL-12 compared to 1.0 jug (data not shown). 
Further, treatment of WT allograft recipients with 0.1 of 
rIL-12 resulted in significantly less IL-12*induced toxicity, 
serum IFN-y concentrations in these animals were undetect- 
able by ELISA, and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the 0.1-jxg dose of rIL-12 was ineffective 
in vivo. However, unlike the higher dose of rIL-12 (1.0 pg) t 
treatment of WT cardiac allograft recipients with 0.1 yjg of 
rIL*12 resulted in an increase in sera IgG2a, but not IgOl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION 

Bioactiye IL-12 exists as a p70 heterodimer composed of 
p35 and p40 subunits (28, 29). Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R: p40 binds to 
IL-12R01 and p35 interacts with IL-12R02 (19, 201 Both 
receptor subunits are associated with members of the Janus 
kinase family (30), and therefore may facilitate IL-12-medi» 
ated signal transduction. However, most of the attention has 
been given to IL-12R02, which associates with JAK2 (30). For 
example, recent evidence supports a requirement for IL- 
12R/32 expression in IL-12-induced phosphorylation of Stat4 
(21, 22). Further, these studies revealed the importance of 
the 02 subunit of IL-12R by demonstrating that the unre- 
sponsiveness of Th2 to IL-12 in both human (21) and mouse 
(22) is a result of loss of IL-12Rj32 expression by these cells. 
These results indicate that the binding of the p40 subunit of 



Table 3. Low-dose rIL-12 augments IgM and IgG2a production in 

vivo° 

Mean channel fluorescence . 



37.18 


9.85 




IgM 


IgGl 


lgG2a 


33.97 


11-39 


Experiment 1 (day 7) 








78.51 


27.37 


Unmodified 


11.90 


2.06 


2.58 






IL-12 


28.94 


2.67 


12.79 


17.36 , 


31.52 


Experiment 2 (day 8) 








33.83 


43.64 


Unmodified 


31.54 


8.53 


16.31 


21.67 


35.96 


IL-12 


46.57 


9.72 


49.00 



° Serum was obtained on day 7 after transplantation from WT or 
1L-12R/J1~ / " cardiac allograft recipients. Animals were either left 
untreated or injected with 1 /xg of rIL-12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometry using P815 (H2 d ) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 



° Serum was obtained on day 7 or 8 after transplantation from 
cardiac allograft recipients either left untreated or injected with 0.1 
/Ag of rIL-12 once daily. Isotype-specifk anti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2 d ) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotype 
controls were 1.65 (IgM), 1.67 (IgGl), and 1.57 (IgG2a). 
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[L-12 to IL-12R/31 is not sufficient to mediate the bioactivity 
0 r heterodimer IL-12. However, we have reported that p40 
promotes alloantigen-specific CD8+ Thl development in the 
absence of heterodimer IL-12 (15). This observation suggests 
^at IL-12 p40 mediates its stimulatory effect through IL- 
J2R/31 alone, or that IL-12R/31 associates with a yet uniden- 
tified component of IL-12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with IL-12R01 (2). 
Specifically, p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice (31\ are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12RJ31 in alloimmune 
responses both in vitro and in vivo, 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL-12 to MLC con- 
sisting of WT responder splenocytes resulted in a 10-fold or 
greater increase in IFN-y production (Table 1; 15). Exoge- 
nous rIL-12 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35» p40 (15) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional IL-12R In contrast, IL-12 did not 
alter MLC IFN-y production by splenocytes of IL-12Rpi"" / ~ 
mice (Table 1). This result illustrates the requirement of j3l 
subunit of IL-12R for IL-12-driven Thl differentiation in 
vitro. It should be noted that, although IFN-y production by 
IL-12Rj31~'~ splenocytes in MLC was reduced compared to 
WT values (Table 1), this cytokine was readily detectable by 
ELISA, suggesting that IL-12 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo U, 2). However* what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that IL-12 has a central role in the pro- 
gression of acute graft-versus-host disease (GVHD) in mice 
(6\ 32). In these studies, neutralizing IL-12 with a polyclonal 
anti-IL-12 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous IL-12 
converts chronic GVHD into exacerbated acute GVHD (6\ 32). 
Further, Williamson et al. (33) have reported that neutraliz- 
ing IL-12 during the inductive phase of GVHD results in a 
Thl to Th2 shift evidenced by a reduction in IFN-y and 
enhancement of IL-5 and IL-10 production by Con A-stimu- 
lated splenocytes. In contrast to these findings, neutralizing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intragraft Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these grafts are rejected in an accelerated 
fashion compared to untreated recipients (16). Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
IL-12 (16). This possibility is further supported by the obser- 
vation that splenocytes of IL-12R/31"'" allograft recipients 
produce similar concentrations of IFN-y upon restimulation 
with donor splenocytes compared to WT recipients (Fig. 4). It 
does not appear that Thl development in IL-12R/31*'" mice 
is a result of the interaction of endogenous IL-12 with the 
low-affinity IL*12Rj32, as treatment of these animals with 
rIL-12 did not augment in vivo priming of IFN-y-producing 
cells (Figs. 3 and 4). 
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A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would, accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immune responses. Administration of exogenous 
rIL-12 significantly augmented in vivo sensitization of IFN- 
y-producing cells in WT cardiac allograft recipients, as evi- 
denced by increased sera IFN-y (Fig. 3) and enhanced pro- 
duction of IFN-y by splenocytes after restimulation with 
donor alloantigens in vitro (Fig, 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5). It is possible that induction of high sys- 
temic levels of IFN*y results in an inhibition of immune 
response as a result of IFN-Vs antiproliferative properties 
on effector cell development (34), However, graft survival 
was not prolonged after rIL-12 treatment in the current 
study, This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the magnitude of Thl-driven alloimmune response may not 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejection in both human and experimental 
transplantation (reviewed in 35). 

Finally, we examined the influence of rIL42 administra- 
tion on allospecific B cell function. In an experimental system 
in which PVG.RT1" congenic rats were immunized with an 
isolated alloantigen, Gracie et aL (36) reported that treat- 
ment with murine rIL-12 (1.0 jxg/day for 5 days) after allo- 
immunization augments levels of allospecific IgG2b and 
IgG2c, while decreasing IgGl. The authors demonstrated 
that coadministration of neutralizing anti-IFN-y mAb abro- 
gated this response, indicating that the enhancement of B 
cell function by IL-12 was dependent on IFN-y, When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0.1-ug dose in the mouse, In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
of rIL-12/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 after trans- 
plantation (Table 3). However, administration of 1.0 i*g of 
rIL-12/day reduced allospecific B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switch 
to lgG2a, These observations suggest a biphasic response to 
IL-12 treatment in WT mouse cardiac allograft recipients 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the j31 subunit of 
mouse IL-12R is critical for ILr.l2-driven alloimmune re- 
sponses both in vitro and in vivo, and that IL-12R02 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reports, which have shown that humans 
deficient in IL-12R01 exhibit severe impairment in their 
resistance to infections as a result of intracellular pathogens 
(37, 38). The generation of mice deficient in IL-12Rj32 will 
provide an important animal model to evaluate whether /31 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo. Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of IL-12 enhances 
CD8+ Thl development (15> 161 Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

The mixed lymphocyte culture (MLQ is an established clinical 
method for bone marrow transplantation, as it serves as an in vitro 
model for allogenic reaction and transplantation. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the common mea- 
surement of cell prollferatioa Therefore we tried to find an inhibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-y as one of the most important cytokines in posttranspiant 
medicine. Earlier studies showed that zinc is an important trace ele- 
ment for immune function with both stimulatory and inhibitory effects 
on immune cells. We found that slightly elevated zinc concentrations 
(three to four times the physiological level), which do not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture, In this 
report we analyzed the mechanism whereby sine influences the MLC 
to possibly find a nontoxic way of immunosuppression. 

Index Entiles; Mixed lymphocyte culture (MLQ; mixed lym- 
phocyte reaction (MLR); trace elements; Jrinc, 



INTRODUCTION 

The mixed lymphocyte culture (MLQ is a well-established and im- 
portant tool for determination of compatibility between host and donor 
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in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (1,2). It is common to measure T-cell proliferation in the MLC, but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the posttransplant response (3-5,), The THl-cytokine interferon-? 
(IFN-7) was identified as the most important factor within the cytokine 
cascade in the MLC (6). It is known to induce cytotoxic T-lymphocytes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class n molecules (8). The IFN-y re* 
sponse mainly depends on HLA-DR differences and it therefore well rep- 
resents reactivity between two individuals in the MLC Oh 

In transplantation medicine, cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection. In vitro experiments revealed 
an inhibition of the MLC (10), but, unfortunately, all of these immuno- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity neurotoxicity, and, probably, carcinogenicity (11-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity 

Zinc within the physiological range (12-16 jiM) is an important trace 
element for immune function (141 Zinc deficiency in vivo could be linked 
to various clinical symptoms such as impaired immune response with re- 
gard to decrease in number, differentiation, and function of T-lymphocytes 
and natural killer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a high incidence of 
bacterial, viral and fungal infections. These symptoms, in the most severe 
form shown in the hereditary disease acrodermatitis enteropathica caused 
by malabsorption of zinc, are completely reversible after adequate substi- 
tution of zinc (15). On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to the ft-chain of the MHC class H molecule (26,27;. 
Optimal immune-cell function hence requires a well-balanced zinc level. 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations with neither cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AND METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMQ were isolated from buffy 
coats of healthy donors by density centrifugation over Ficoll-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-buffered 
saline (PBS, Gibco, Berlin, Germany) and resuspended in RPMI-1640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 
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serum (FCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 
stein, Germany), 2 mM L-glutamine, 100 U/mL penicillin, and 100 Rg/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany), The cells 
were adjusted to a final concentration of 2 x 10 6 cells /mL Equal volumes 
of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culture plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately The cultures were Incubated for 5 d at 37 f C in a 5% humidi- 
fied COz atmosphere after addition of the appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deisenhofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 mM* This solution was fur- 
ther diluted in unsupplemented protein-free medium (PFM, Uitradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The zinc solution was added to 
the cultures in a volume of 10% of the final culture volume. 

Determination of Cytokines 

The culture supernatants were harvested after 5 d and stored at -80 # C 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-linked immunosorbent assay (ELISA) technique (for 
IFN-Y provided by Bender Med Systems, Vienna, Austria), Results were 
measured in picograms per milliliter at 450 nm using an ELISA plate 
reader (Anthos Labtec, Salzburg, Austria). 

Flow Cytometry 

Propidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma), Cells (1 x 10VmL) were incubated with 
10 fiL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA. Finally, PI staining was measured at a wavelength 
of 620 nm in a flow cytdmeter (Coulter, Krefeld, Germany), 

Statistical Analysis 

Hie results are expressed as median values! The significance is taken 
by Student's Mest analysis* 



RESULTS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested the supernatants of zinc-supplemented mixed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre- 
tion (18). Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we found expected amounts of IFN- 
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centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supernatants was 
determined by EtISA after 5 d of culture. Median values of n = 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's Mest (*p * 0.0017). 

Y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependent reduction 
of the IFN-7 level. At 60 (iM, the IFN-y production was significantly dimin- 
ished (48 pg/mL, p m 0.0017); at 500 pM, no IFN-7 was detectable (Fig. 1). 

In order to prove our hypothesis that this result — that zinc concen- 
trations of 60 jxM inhibit die MLC— was the result of a specific effect in 
the MLC and not to a loss of T-ceil vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measured cell viability by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of the cells 
are still vital after addition of 50 fiM zinc and 92.3% with medium sup- 
plementation of 100 MM zinc compared to controls without zinc addition 
with 91*3% viability. Zinc concentrations as high as 250 \\M causes a 
reduction of cell survival of 33% (Fig* 2), 

For further analysis of possible mechanisms responsible for this inhi- 
bition, we preincubated PBMC with 50 \xM zinc for 20 min and then co- 
cultuied these two populations in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubation of PBMC led to a greater reduction of tfN-y than simultaneous 
zinc supplementation to the MLC (Fig. 3)* 



The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow transplantation. It 
could be shown that cytokine release, especially EFN-7, has a very good pre- 
dictive value with regard to the transplantation outcome (3), as cytokines 
play a major role in the generation of an alloreactive immune response and 
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Fig, 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 |iM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 




controls MLC+Zn PBMC+Zn 

Fig, 3. Effect of preincubation of PBMC with zinc. Zinc in a concentration 
of 50 HM was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 \lM zinc for 20 min and then cocultured in a MLC (PBMC + Zn); 
controls remained unsupplemented. Medians of n = 10 experiments are pre- 
sented. Significance was calculated by the Student's /-test (*p » 0.01). 

for the induction of graft rejection in vivo (4£L Taking this in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation medicine. Lare 
dottb et aL inhibited T-cell reactivity by the addition of anti-IFN^y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
pancreas-tissue transplantation situation (20-221 
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In vivo substances like cyclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft survival. In vitro, they show an 
inhibitory effect on T~cell proliferation in the MLC (10). Yet, all of these 
therapeutical agents cause major side effects (eg., nephrotoxicity, neuro- 
toxicity, and others), which lead to a limitation of their use (11-13). 

Zinc is an essential trace element with great influence on immune 
function. The physiological plasma level of zinc ranges from 12 tol6 )*M. 
In our study, we applied zinc concentrations up to 100 yM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23). 

We found that zinc concentrations of 60 yM, four times the physio- 
logical level inhibit alloreactivity in the MLC. It is unlikely that the induc- 
tion of IFN-y is the result of a loss of T<ell activity, as it could be shown 
earlier that T-cells are still able to proliferate in medium supplemented 
with zinc concentrations as high as 100 \iM (24)* Furthermore/ we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 nM is required to reduce cell viability by 33% (Fig, 2). 

Increased zinc levels of over 100 fiM cause unstimulated human 
PBMC to release cytokines (25). This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential coslgnal for T-cell activation by zinc Higher con- 
centrations of zinc impair all T<ell and monocyte function by inhibition of 
the IL-1 receptor type I-associated protein kinase (IRAK), thus blocking the 
intracellularsignal transduction pathway at a very early stage (24). 

In our study, we applied zinc in concentrations that neither show 
cytotoxic effects nor reach stimulatory level Therefore, there seems to be 
a specific effect of zinc on the responding T-cells in the MLC. 

The results of earlier studies proposed an oligoclonal pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigens (3), 
Furthermore, a highly altered vp repertoire of T-cells infiltrating long-term 
. rejected kidney allografts were discribed (26). Superantigens bind directly 
and partially with high affinity to major histocompatibility complex (MHQ- 
dass H proteins, especially to HLA-DR. T-Ceil activation is achieved by 
the formation of a complex of the Vf*-chain of the T-cell receptor (TCR), 
the MHC molecule, and the superantigen* This binding is regulated by 
zinc, as zinc itself does not interact with the MHC molecule directly (27). 
We previously showed that the HLA-DR and HLA-DQ-molecule$ have 
the greatest influence on cytokine release in the MLC and thus on the out- 
come of a transplantation in vivo (9). 

There are two main possible explanations for the phenomenon de- 
scribed. First, zinc in the applied concentration could saturate 1he MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populations. If an extracellular mechanism were actually 
responsible for the inhibition of the MLC, we would expect no significant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower IFN-y secretion than the culture of two PBMC 
populations with simultaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more HJcely that zinc interferes with the intracellular sig- 
nal transduction in the MLC Therefore, zinc may regulate the alloreactiv- 
ity of T<eUs and might be an explanation for increased preterm delivery 
and abortion in zinc-deficient pregnant women (28,29). As mentioned ear- 
lier/ higher concentrations of zinc are able to block the intracellular signal 
transduction pathway by inhibition of IRAK. We propose that the stimu- 
lation of T-cells by an HLA-different cell population can be blocked by zinc 
via specific inhibition of phosphorylation processes/ leading to a dimin- 
ished signal transduction in the cell This results; among other things, in 
reduced secretion of cytokines/ which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kinases are involved in zinc-induced 
cell stimulation and zinc also influences gene expression of different im- 
munologically relevant transcription factors such as nuclear factor (NF)-kB 
and metallothionein transcription factor (MTM) as well as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remains the 
subject of further investigation. Because the MLC is inhibited by very low 
zinc concentrations/ this inhibitory effect seems to be a specific pathway. 

In conclusion, zinc could become an immunosuppressant in trans- 
plantation medicine without toxic side effects, which still leaves the 
immune system with the ability for phagocytosis. The infection rate will 
therefore .be reduced compared to current immunosuppression. How- 
ever, this has yet to be proven in in vivo transplantation models. 
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Antibacterial Effect of Borage {Echium amoenum) 
on Staphylococcus aureus 



Mohsen Abolhassani Department of Immunology, Pasteur Institute of Iran, Tehran 13164, Iran 

Borage (Echium amoenum) is a large annual plant of the Boraginaceae family, which grows in 
most of Europe and in northern Iran. The borage flower is used as a medicinal herb in France and 
other countries. Iranian borage is used in traditional medicine for infectious diseases, flu and as 
an anti-febrile. We tested the aqueous extract of borage dried flowers in vitro for its antibacterial 
activity. The extract showed concentration-dependent antibacterial activity against Staphylococcus 
aureus 8327. This activity was heat resistant, but the activity of freeze-dried extract gradually 
diminished during a 90-day period. The traditional use of Iranian borage flowers for infectious 
diseases and for controlling fever appears to be justified. 

Key Words: Borago, Echium amoenum, antibacterial activity, Staphylococcus aureus. 



Borage (Echium amaenum) is a large hairy annual 
herb that is a member of Boraginaceae family [ 1], It 
grows in most of Europe, in the Mediterranean region, 
and also in northern parts of Iran. The flowers are 
bright blue and star-shaped and the fruit consists of 
four brownish-black nutlets. Borage flourishes in 
ordinary soil and may be propagated by division of 
rootstocks and by cuttings of shoots in sandy soil in a 
cold frame in summer and autumn or from seeds sown 
in good light soil from mid of March to May [2]., 

The flowers and the leaves of borage are used 
medicinally in France as an antifebrile, anti- 
depressive, for the treatment of stress and of 
circulatory heart diseases, for pulmonary 
complaints, as a poultice for inflammatory swellings 
[3,4], as a diuretic (due to potassium nitrate), as a 
laxative, emollient and demulcent (due to the 
mucilage), and recently as a possible protective 
factor against cancer [5]. The plant constituents 
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have been isolated by different investigators; they 
include gamma-linolenic acid (GLA), alpha- 
linolenic acid (ALA), delta6-fatty acyl desaturase, 
delta8-sphingolipid desaturase [6], pyrrolizidine 
alkaloids, mucilage, resin, potassium nitrate, and 
calcium salt combined with mineral acids. 

We tested an aqueous extract of dried borage 
flowers in vitro for its antibacterial activity against 
Staphylococcus aureus 8327. 

Materials and Methods 

Plant and extract 

The borage found in Iran is Echium amoenum 
(F.M.), which is different from the borage grown 
in Europe, Borago officialis L. (Boraginaceae). 
Dried borage flowers were collected from Ardebil 
province, in northern Iran in mid August. Cold 
aqueous extract (pH 5.8) of dried E. amaenum 
flowers (5%, w/v) was used in all the experiments. 
Dried flowers (15 g) were steeped for 6 h at 4°C 
in 300 mL distilled water, with constant stirring. 
The material was centrifuged and the supernatant 
was filter-sterilized and then freeze-dried. 
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Anti-bacterial effect of extract 

Staphylococcus aureus 8327 was obtained from 
Tehran University of Medical Sciences, Faculty of 
Health, Iran. Nutrient broth (NB) containing 5 g peptone 
(Difco), 5 g NaCl and 3 g beef extract in 1 liter of 
distilled water (pH 7.5) was used as a culture medium. 
Anti-bacterial activity of the extract was determined 
by agar-well diffusion, disc diffusion [7], and the 
minimum inhibitory concentration (MIC) methods [8]. 
In the agar-well diffusion method, 9 mm diameter wells 
were prepared oh agar containing 0.5 mL of bacteria 
(2x1 0 U cells/mL). Freeze-dried extract was diluted 
1 :20 and different concentrations ( 1 .25 to 1 0 mg) were 
added to the wells. In the disc diffusion method, paper 
discs were soaked in extract solutions and were placed 
on the bacteria. After 24 h at 37°C, the inhibition zones 
were measured. 

To determine MIC, 5 mL medium was added to 
six tubes. In the first tube 5 mL extract ( 1 :20 dilution, 
50 mg/mL) was added and after mixing 5 mL was 
removed and added to the second tube; the dilutions 
continued for all the tubes. Then, 14 mL medium and 
one mL bacteria suspension were added and the tubes 
were incubated for 24 and 48 hr at 3 7°C. 

Chromatography 

Thin layer chromatography was used to identify the 
active ingredients of the aqueous extract. 
Chromatography was performed for 15 h using 
butanolracetic acid:distilled water (5: 1 :4) solvent on a 
Whatman #1 filter paper. Spots were stained with 
ninhydrin (to detect amino acids and flavenoids), 
bismuth iodine, 3% ferric chloride (to detect esters of 
carboxylic acids and anhydrides), and with Fehling's 
A+B solution. 



Results and Discussion 

To determine the antibacterial effect of borage 
flowers, an aqueous extract was prepared. To get the 
best aqueous extraction, distilled water with three 



different pHs, 5.8, 7.0 and 8.5, was used, and about 
8.2, 6.8 and 7.0 g lyophilized powder were obtained, 
respectively, from 1 5 g dried flowers. The agar-well 
diffusion method with 1 :20 dilution of these different 
extracts gave inhibition zone diameters of 1 0, 7 and 6 
mm at pH 5.8, 7.0 and 8.5, respectively. Therefore, 
pH 8.5 was selected for extraction. Table 1 shows 
antibacterial effects of various concentrations ofborage 
extract with two different methods. The activity was 
bactericidal, since incubation of the inhibition zone for 
one week did not show any growth of bacteria. 

The inhibitory effect of extract was not due to the 
pH of the extract, since extract with all three pHs of 
5.8, 7.0 and 8.5 had antibacterial activity, and the 
control pH had no effect These data indicate that the 
antiviral activity of the extract is due to the borage 
component. The MIC of extract on Staphylococcus 
aureus 8327 after 24 and 48 h was determined to be 
6.2 mg/mL. Lower dilutions had no anti-bacterial effect. 

The anti-bacterial activity of the extract was heat 
resistant Autoclaving the extract at 1 1 0°C for one hour 
did not eliminate its antibacterial activity, and the effect 
was similar to that of the extract that was filter sterilized. 
When 200 \\L of 1 :20 dilution of extract was used in 9 
mm diameter wells, in both cases the inhibition zones 
were 1 2 mm. The stability assay showed that the anti- 
bacterial effect of the freeze-dried extract diminished 
during 90 days storage at 4°C (Figure 1); and the 
activity of the working solution was diminished after 
one week at 4°C. 

These results indicate that the traditional use of the 
Iranian Borage flower for infectious diseases and for 
antifebrile activity may be justified. Borage syrup was 
thought not only to be good for fever, but also to be a 
remedy for jaundice, itch and ringworm [2]. Also, we 
have found that borage extract has anti-viral activity 
(unpublished data). Already, several components, such 
as linolenic acid, delta6-fatty acyl desaturase, delta 8- 
sphingolipid desaturase [6], and pyrrolizidine alkaloids, 
have been isolated and characterized. In the 
chromatography experiment, when filter paper was 
stained with different reagents (Table 2), several spots 
with different colors and different Rf were obtained. 
These spots show that the aqueous extract has amino 
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Figure 1. Stability of antibacterial activity of Borago extract during 90 days by agar-well plate. Freeze-dried 
extract was prepared (5% WW) and 0.2\xm was added to the wells. 




30 45 60 

Time (days) 



Table 1. Antibacterial effect of Borage flower extract on Staphylococcus aureus 



Method 



Extract (mg) 



Inhibition zone 
diameter (mm) 



Disc diffusion 


4 


8 




1 


4 




0.5 


0 




0.1 


0 


Agar-well diffusion 


10 


10 




5 


4 




2.5 


0 




1.25 


0 



Table 2. Thin layer chromatography of aqueous Borage extract on Whatman # 1 paper using butanol:acetic acid: 
water 



Reagents 


Rf 


Ninhydrin 


0. 1 3, 0. 1 8, 0.23, 0.38, 0.48, 0.63 (all purple) 


Ferric chloride (3%) 


0.24 (white), 0. 6 1 (brown) 


Fehling(A+B) 


0.21 (yellow) 


Bismuth iodine 


No spot 
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acids, but no alkaloids. No antibacterial activity was 
identified when these spots were placed on bacterial 
culture. It seems that the materials in these spots are 
not enough for anti-bacterial activity; however, more 
data are needed to determine the active anti-bacterial 
components of the extract 
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ECHIUM AMOENUM STIMULATE OF LYMPHOCYTE PROLIFERATION AND 
INHIBIT OF HUMORAL ANTIBODY SYNTHESIS 

Z. Amirghofran, * M. Azadbakht, ** F. Keshavarzi** 

Departments of* Immunology and *' Pharmacy, Shiraz University of Medical Sciences, Shiraz, Iran 
ABSTRACT 

Background: In Iranian traditional medicine, Echium amocnum, is used as a native medicinal plant 
Objective: To investigate the e fleet of Echium amoenum extract on humoral and cellular immune response. 

Methods: Hydros Icoholic extract of Echium amoenum was prepared and the proliferative responsiveness of peripheral blood and thymic 
lymphocytes to mitogen and alloantigen was determined by lymphocyte proliferation assay and two-way mixed lymphocyte reaction, respectively- 
Humoral antibody production to sheep red blood cell (SRBC) in mice was investigated by multiple intraperitoneary administration of the extract 
(I -100 ug/ml) 24 and 48 hours before and after immunization of a group of mice with SRBC. The primary and secondary antibody titers to SRBC 
were determined by hemagglutination assay. 
• Results: A strong increase fn allogenic response was obtained at 10 ug/ml of the extract (stimulation index of 1 .8 1 , p< 0.0 1), Echium amoenum 
showed no direct stimulatory activity on eithci lymphocytes or thymocytes in proliferation assay. However, the extract at concentrations of 50-400 
ugAnl showed a co-stimulatory effect on mitogenic lymphocyte proliferation. The highest stimulation index was obtained at concentration of 200 
ug/ml (1 .44, p< 0.02). Despite these immunostirnuhtory effects, the extract showed a significant dose related decrease in the humoral antibody 
response (pO.05). The mean antibody titer Io$2 for doses of 25, SO and 100 rag/kg of the extract in the primary response ranged from 5.1 ±0.7 to 
6.5*0.5 compared to the negative control (8.5*0.9). The corresponding data for secondary response was 4.6*0.7 to 6.6±0.5 compared to 1 0.8 ±0-7 
in negative control. 

Conclusion: Although, the extract showed the capacity to augment lymphocyte proliferation in (he presence of mitogen or alloantigen, humoral 
antibody synthesis in both primary and secondary response was inhibited. 
Im J Med Sci 2000; 25(3&4): 11 9-124. 

Key Words • Plants, medicinal • lymphocyte proliferation • antibody production 

Introduction 

Echium amoenum, is a herbal plant belonging to the Boraginaceae (ox-tongue) family and grow widely 
in the northern highlands of Iran. 

The best known species of this family, Borago officinalis is indigenous (semi-arid regions) of western 
Europe and naturalized in the eastern Unitated States. It is also cultivated for its delicate, blue flowers. 
The leaves of this plant are tongue like bristled while the seed contains a variety of fatty acids notably Y 
-linoleic acid, a prostaglandin precursor. 

In western traditional medicine, crude leaves has been used as diuretic, demulcent, emollient and 
expectorant. 

Echium amoenum, has not been reported to grow in Europe or other parts of the world and is restricted 
to the northern parts of Iran. In Iranian traditional medicine, flower heads of this herb has long been used 
as a tonic and tranquillizer. Avicenna, the renowned Persian scientist and physician of the middle age in 
his epochal work "Canon of Medicine" (980-1037 AD) recommended the ash as well as other 
preparations of the plant in the treatment of oral ulcers and inflammations. A 

concoction of this herb mixed with wine was believed to bring about euphoria and when mixed with 
honey it was used to ease heart palpitations. Makhzan-Al-Adviya written by Khorasani, a historic 
Iranian physician, described Echium amoenum as being a remedy for cough, sore throat, pneumonia and 
dyspnea. It was also recommended in the treatment of a range of eruptive fevers of children. 
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Phytochemistry analyses of other species of Echium has revealed the presence of pyrrolidine alkaloids, 
Echinone and Echinofuran 1 " 3 . Some anti-microbial and anti-inflammatory effects of these species have 
been documented in western studies. 4 " 5 

Immunological mechanisms have been implicated in the pathogenesis of a number of above-mentioned 
illnesses. This study was designed to investigate whether modulation of immunological reaction might 
underlie the folkloric efficacy of Echium amoneum. 

This study examined the effects of hydrochloric extract of Echium amoneum on: 

I) spontaneously mitogenic activity on lymphocytes 

II) in vitro lymphocyte proliferation and mixed lymphocyte reaction, and 

III) in vitro humoral antibody response 

Materials and Methods 

Preparation of the extract: 

Samples of fresh flower heads of Echium amoenum were collected during June from Mazandaran 
province. Plant materials were washed, dried and then 120 g of shade-dried powder was extracted with 
70% ethanol. The yield (w/w) of the extract was 33.3%. 

Humoral antibody response: 

Six groups of 5 mice were immunized intraperitoneally (ip) with 5x109 SRBC on days 0 and +7. In four 
groups, different doses of Echium extract (1-100 mg/kg) was administrated on days -2, -1, 1 and 2 of 
immunization (ip). The mice in the fifth group were injected with levamisol as an immunopotentiating 
agent (2 mg/kg, ip) on the same day. The sixth group was considered as non-treated control and injected 
only with normal saline. Blood samples were obtained from each mouse on day +7 for primary response 
and on day +14 for secondary response. Antibody titer was determined by hemagglutination assay as 
described previously. 6 To 25 \i\ of two-fold diluted serum samples in V-shape micro-titration plates, 25 
^1 of 0.1% SRBC suspension was added. After 1 hour of incubation the highest dilution of serum 
samples which caused hemagglutination was considered as antibody titer and the mean log2 of the titers 
were determined. 

Lymphocyte proliferation assay: 

Peripheral blood lymphocytes (PBL) from healthy individuals were separated using Ficoll-hypaque 
(Biotest, Germany) gradient centrifugation. Thymocytes prepared by teasing the thymus obtained from 
patients undergoing open-heart surgery. Appropriate concentrations of the cells were added to each well 
of a tissue culture plate (Nunc, Denmark). Then the same volume of media containing two-fold 
concentrations of 0.1 to 800 ixg/m\ of the extract was added. Two series of the cells were cultured 
without the extract and with 20 fig/ml of phytohemagglutinin (PHA) (Bahar-Afshan Co, Iran) for PBL 
cells, and 10 jig/ml of Concanavaiin A (Pharmacia, Sweden) for thymocytes. The effect of the extracts 
also on lymphocyte proliferation in the presence of sub-optimal dose of PHA was assessed. To each well 
of tissue culture plate containing the cells, PHA (10 ng/ml) and different concentrations of the extracts 
were added. After 3 days of incubation, [ 3 H]-Thymidine (Amersham Int. Pic) (0.5 fici/well) was added 
and then harvesting was done. CPM was measured using a B-counter (Pharmacia, Sweden). The mean 
CPM value of each of the three independent experiments performed in triplicate, and then the 
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^1 



stimulation index (SI) was calculated. 
Mixed lymphocyte reaction: 



100 nl of each single pell suspension of PBL from two unrelated individuals were mixed in each well of 
microtissue culture plate and co-cultured in the presence or absence of different concentrations of the 
extract in triplicate. After 5 days of incubation, the same procedure was performed as for lymphocyte 
proliferation assay. 



Results 



Hydroalcoholic extract of Echium amoenum was examined for its mitogenic activity on the human 
lymphocytes and thymocytes. As shown in Figure 1, the SI of all cultures treated with different 
concentrations of the extract was almost equal to zero, the same as negative control (SI< 0. 07). 
Similarly, extract-treated thymocytes showed no significant differences with non-treated cells (SIO.06, 
data not shown). The results indicated that incubation of Echium amoenum extract in concentrations 
ranging from 0. 1 to 800 pg/ml had no direct stimulatory effect on the PBL and thymocyte proliferation. 
However, addition of 50 to 400 ^g/ml of the extract to the PHA-treated cultures significantly increased 
the lymphocyte proliferation (SI range: 1.29-1.44, p<0.02). Thus, Echium amoenum was shown to have 
a co-stimulatory effect with PHA in lymphocyte proliferative response. In MLR, Echium extract with 
concentrations of 0.1 to 10 ng/ml showed a significantly higher SI than non-treated cultures (SI range: 
135-1.81, p<0.01) indicating the stimulatory activity of Echium amoenum on lymphocyte response to 
allogenic cells. The highest proliferative activity was detected at 10 ng/ml. At concentrations higher 
than 700 ng/ml, both MLR and lymphocyte proliferation assay were inhibited. 

The effect of the extract on humoral antibody response was also examined. As shown in Table L a dose- 
related decrease in humoral antibody titer due to the extract doses of 1 to 100 mg/kg is observed in 
treated mice both in primary and secondary response (p<0.05). As the concentration of the injected 
extract decreased, the antibody titer increased to reach near the level of non-treated mice. The mean 
antibody titer log2 for levamisol as the positive control was significantly higher than for non-treated 
mice (p<0.03). 

Discussion 

Study of the possible immunostimulatory effects of herbal plants on cell-mediated immunity (CMI) is a 
matter of interest for many investigators. In several distinct studies, the capacity of herbal plants on 
lymphocytic proliferation in the presence of mitogens, allogenic cells, and the specific antigens has been 
studied. 7 " 12 In this regard, the immunostimulatory activity of garlic on CMI has been reported. 8 Green 
tea has been proven to increase humoral and cellular activity. 9 Ginseng enhances production of 
macrophages, B and T cells. 9 Echinacea is being tried as an agent for immune stimulation 10 and 
Acanthospermum hispidum, a tropical plant, has been shown to enhance the proliferation of T 
lymphocytes after stimulation with Con A or allogenic stimulator cells in the mixed lymphocyte 
culture. 11 The present study has focused on the influence of Echium amoenum extract on mitogen and 
alloantigen-induced lymphocyte proliferation . This herb has a high application in Iranian traditional 
medicine for the treatment of infections and inflammatory diseases. Whether the therapeutic efficiency 
of this herb may, in part, be mediated via its influence on the immune response is not known. No 
immunomodulatory study has been reported for either Echium amoenum or other Echium species. The 
results obtained in this study indicated that Echium amoenum has the capacity of increasing the cellular 
immune response. The extract showed no spontaneous stimulatory activity on the human lymphocytes 
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and thymocytes but when the cells were cultured with the extract in the presence of a suboptimal dose of 
PHA, a strong enhancement in the cell proliferation was observed. Similarly assessment of the effect of 
the extract on allogenic reaction, another indicative of CMI determined by MLR, showed that Echium is 
able to increase this response. A possible explanation for these effects might be the presence of some 
components similar to lectins in the extract which can bridge cells by binding to surface proteins on 
stimulated cells and may co-stimulate and facilitate cellular interactions. 12 The lymphocyte proliferation 
activity may also be due to the direct effect of Echium amoenum or may be mediated through activated 
release of cytokines such as IL-1, IL-2 and IFN-Y . In several studies, increase in cytokine production 
due to herbal plants has been shown, 13 " 14 large quantities of IL-IO have been secreted in culture of non- 
activated peripheral blood mononuclear cells and allogenic cells with whole Nigella saliva proteins 13 
Seed extracts of Aegineta L induced IL-2, IFN-Y , TNF and IL-6 production and lymphocyte 
proliferation in vitro. 14 These reports highlight the need for further study, in particular to investigate the 
possible action of Echium amoenum extract and its components in interfering with cytokine production. 

Despite the stimulatory effects on cellular immunity, Echium amoenum showed an inhibitory effect on 
humoral antibody response. Alterations in antibody synthesis have been reported for other herbal 
plants. 15 " 20 In this regard, administration of heteropolysaccharides from the camomile flower to rats 
resulted in stimulation of development of the immune response to SRBCs. 16 The aqueous extract of 
Achillea talagonica has shown a significant decrease in anti-SRBC hemagglutination titer in primary 
response, 12 and in another study administration of Picrorhiza kurroa in mice prior to immunization with 
SRBC resulted in a significant increase in antibody titer and plaque forming assay. 18 The antibody . 
production to T dependent antigen SRBC requires the cooperation of T and B lymphocytes. 21 The 
inhibition of humoral response to SRBC could be due to extract-induced inhibited phagocytic functions 
of macrophages, the cells involved in antigen processing and presentation, or may be influenced by 
relative amounts of different cytokines produced at the site of T cell and B cell stimulation 22 " 24 It 
should be noted that different dosage schedules, timings and routes of administration of the antigen and 
the extract may influence different types of antibody response. In our study, the immunosuppression of 
humoral response was observed when the mice were treated intraperitoneally 1 and 2 days before and 
after injection of the SRBC. It is possible that on prolonged treatment, this inhibitory effect would be 
altered.. 

In conclusion, this study showed that anti-inflammatory and anti-infection properties of Echium 
amoenum are associated with stimulation of cellular immune response and suppression of humoral 
antibody synthesis. The stimulatory effect could indicate it's therapeutic potential for treatment of 
infections and the inhibitory action could partly be considered for anti-inflammatory effect of this herb. 
It is important to elucidate whether these distinct capabilities of Echium amoenum exerted by one 
component of Echium or by different components. Additional studies to find the relationship between 
these effects and the therapeutic usefulness of the herb accompanied with identification of active 
ingredients are in progress. 
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Combination Chemotherapy and IL-15 Administration Induce 
Permanent Tumor Regression in a Mouse Lung Tumor Model: 
NK and T Cell-Mediated Effects Antagonized by B Cells 1 

Andrei I. Chapoval, 2 Jane A. Fuller, Sergey G. Kremlev, Sonya J. Kamdar, and Robert Evans 

Previous studies have demonstrated that IL-15 administration after cyclophosphamide (CY) injection of C57BL/6J mice bearing 
the i.m. 76-9 rhabdomyosarcoma resulted in a significant prolongation of life. In the present study, we investigated the immune 
response against the 76-9 experimental lung metastases after CY + IL-15 therapy. Administration of CY + IL-15, but not IL-15 
alone, induced prolongation of life and cures in 32% of mice bearing established experimental pulmonary metastases of 76-9 
tumor. The CY + IL-15 therapy resulted in increased levels of NKI.I"*7LGL-1 + cells, and CD8 + /CD44"*" T cells in PBL. In vitro 
cytotoxic assay of PBL indicated the induction of lymphokine-activatcd killer cell activity, but no evident tumor-specific class 
I-restricted lytic activity. Survival studies showed that the presence of NK and T lymphocytes is necessary for successful CY + 
IL-15 therapy. Experiments using knockout mice implied that either a/3 or yS T cells were required for an antitumor effect 
induced by CY + IL-15 therapy. However, mice lacking in both afi and yST cells failed to respond to combination therapy. Cured 
B6 and ap or yS T cell-deficient mice were Immune to rechallenge with 76-9, but not B16LM tumor. B cell-deficient mice showed 
a significant improvement in the survival rate both after CY and combination CY + IL-15 therapy compared with normal B6 
mice. Overall, the data suggest that the interaction of NK cells with tumor-specific <xp or yS T lymphocytes is necessary for 
successful therapy, while B cells appear to suppress the antitumor effects of CY + IL-15 therapy. The Journal of Immunology, 
1998, J 61: 6977-6984. 



Interleukin-15, a 14- to 18-kDa cylokine, has biological ac- 
tivities similar to those ofIL-2 (1,2), IL-15 has been shown 
to stimulate the growth of NK cells (3), activated peripheral 
blood T lymphocytes (4), ydT cells (5), and B cells (6). It has been 
reported recently that IL-15 induces the production of proinflam- 
matory cytokines from macrophages (M<£) 3 (7) and activates hu- 
man neutrophils (8). Reports that IL-15 induces the expression of 
mRNA for perforin and granzymes in murine lymphocytes (9), 
activates human PBL for perforin-mediated lysis of melanoma and 
lung cancer tumor cells (10,* II), and induces the generation of 
CTL (I) and the maturation/diflerentiation of cytotoxic NK cells 
(12, 13) suggest that this cytokine may play an important role in 
antitumor immunity. Indeed, it was shown that administration of 
IL-15 prolonged survival of lymphoma-bearing mice (14) and sup- 
pressed pulmonary metastases induced by i.v. injection of sarcoma 
cells (15). 

It was shown previously in this laboratory that IL-15 acted as an 
adjuvant when administered in combination with CY, significantly 
prolonging the life of mice bearing the i.m. implanted 76-9 rhab- 
domyosarcoma (16). Combination therapy was seen .to induce an 
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increase in NK cells in vivo. These were shown to be cytotoxic in 
vitro against YAC-I cells, and to exert. antitumor effects when 
adoptively transferred to CY-treated tumor-bearing (TB) mice. 
Their lack of cytotoxic activity in vitro against the 76-9 tumor, 
together with little or no evidence for IL-15-induccd MHC class 
[-restricted lysis, suggested that NIC cell involvement in antitumor 
activity was probably indirect and mediated via its secretory prod- 
ucts. However, the mechanisms of the combined action of CY and 
IL-15 on tumors still need to be clarified. It is established that CY 
augments delayed-type sensitivity reactions by eliminating sup- 
pressor T cells ( 1 7) or by increasing the production of Th 1 -related 
cytokines (18). It has been reported lhat CY increases the local- 
ization of effector cells in the tumor mass (19), to augment the 
antitumor action of adoptively transferred tumor-infiltrating lym- 
phocytes in clinical trials (20), and increases therapeutic efficacy of 
1L-2 (21). In addition, as was shown in this laboratory, CY injec- 
tion resulted in an increase, in tumor-associated Md>, as well as NK 
cell and granulocyte precursors (22, 23). Thus, because of its re- 
ported ability to react with NK cells, M<f>, granulocytes, T cells, 
and B cells, as cited above, it seems plausible to suggest that 
antitumor adjuvant activity of IL-15 may be mediated by activa- 
tion of any or all of these cellular compartments following CY 
chemotherapy. 

In this study, we examined the impact of IL-15 as an adjuvant 
to cancer chemotherapy using CY in an experimental pulmonary 
metastasis model. In addition, we explored the cellular compart- 
ments most likely to be involved in successful CY + TL-15 
therapy. 

Materials and Methods 

Mice 

Male C57BL/6J, C51B\J6}-l~y&\** (B6.beige), C57BL/6J-Prkdc" cid /SzJ 
(B6.scid), C57BL/6J-Hfhl 1"° (B6.nude), C57BL/6J-TCRb ,n " Me «" 
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(B6.TCR-0 - '*), C57BL/6J-TCRd ,mIMom (B6.TCR-S - '"). C57BL/6J- 
TCRb ,n,,Mon TCRd UnlMom (B6.TCR^6- y ") f and C57BL/6-lgh-6 ,m,c * n 
(B6.1gH-6 w ~) mice 8-10 wk old were obtained from The Jackson Lab- 
oratory Animal Resources Unit (Bar Harbor, ME). The absence of T cells 
in the TCR knockout and nude mice, and B cells in the B cell-deficient 
mice was confirmed by flow cytometry analyses. The absence of cytotoxic 
NK. cells in beige mice was confirmed in cytotoxicity assays against 
YAC-1 cells. 

Tumor cells 

76-9 tumor is a syngeneic B6 3-methylcholanthrene-induccd, weakly im- 
munogenic rhabdomyosarcoma described previously (24). The tumor was 
passed in vivo in B6 mice every 2-3 wk. Tumor cell suspensions were 
prepared from solid tumor, as previously described (25). Briefly, i.m. tumor 
nodules were first mechanically dissociated into 2- 4 -mm fragments, and 
then cnzymatically digested at 37°C for I h in RPM1 1640 containing 1 
/ig/ml deoxyribonuclease I (Sigma, St. Louts, MO), 250 fig/ml collagenase 
(Sigma), and 250 /tg/ml papain (Sigma). The resulting tumor cell suspen- 
sions were washed, rcsuspended at desired concentrations, and used for i. v. 
injection into mice. 

Preparation of PBL 

PBL were obtained by modification of the methods described previously 
(26). In brief, blood was collected from the tail vein, diluted immediately 
in serum-free RPMI 1640 containing 50 mM EDTA, and washed by cen- 
trifugation for JO min at 170-190 X g. The pellet was lysed using ice-cold 
lysing buffer (154 mM NH d CI, 1.5 mM KHC0 3 , 0.1 mM EDTA, pH 7.2) 
for 5 min. After cenirifugation, cells were washed three times to remove 
debris that contained red cell ghosts and residual platelets that sedimemed 
above the cell pellet. The remaining white cells were suspended in me- 
dium, as required, and used in experiments. 

In vivo treatment studies 

Preliminary experiments indicated that injection of B6 mice with 10 s 76-9 
tumor cells was a minimal dose that resulted in the development of pul- 
monary metastases that could not be cured with CY alone, but were sen- 
sitive to therapy with CY + IL-15, Pulmonary metastases developed after 
injection of 5 X JO 4 or fewer 76-9 cells were curable with CY alone. Thus, 
in further experiments, we used 10 5 76-9 tumor cells as a minimal dose for 
development of pulmonary metastases not sensitive to chemotherapy alone. 
On day 0, mice were injected i.v. into the tail vein with 76-9 tumor cells 
(5 X I0 5 ) to establish pulmonary tumors. Ten days later, mice were treated 
i.p. with single dose of 200 mg/kg body weight of CY (Cytoxan; Bristol 
Myers Squibb, Princeton, NJ). Human rIL-15 (sp. act. of 4.45 X 10 5 U/mg; 
Immunex, Seattle, WA) was given by i.p. injection for 20 days at a dose of 
10 Mg/mouse/day starting 24 h after CY treatment. Survival of TB mice 
was monitored every day. Mice thai became moribund due to lung tumors 
(usually between 35 and 40 days after tumor inoculation for TB mice 
treated with CY alone) were killed for humane reasons. Mice surviving 
longer then 120 days posttumor injection were considered as cured. During 
the course of therapy, mice were bled (200 p\ of blood from mouse) at 
various time points. PBL were isolated from the combined blood samples 
and used in cytotoxicity assays and flow cytometry analysis. In one exper- 
iment, randomly selected TB mice treated with CY ± IL-15 were killed at 
day 35 after 76-9 tumor inoculation, and lungs were infused with a 15% 
solution of india ink and bleached by Fekctc's solution (27). 

Flow cytometry 

Biotin-conjugated anti-LGL-l (clone 4D-II; The Jackson Laboratory), . 
FITC-labeled anti-CD8 (clone 53-6.72; The Jackson Laboratory), phyco- 
crythrin -labeled anti-CD44 (clone IM7.8.1; PharMingen, Los Angeles, 
CA), and phycoeryihrin-labeled anti-NIC U (PK136; PharMingen) mAb 
were used to analyze the phenotype of PBL isolated from normal or TB 
mice treated with CY + 1L-I5. For that PBL were incubated at 4°C for 30 
min with mAb, washed in PBS containing 5% FBS. Cells treated with 
biotin-conjugated mAb were cultured for additional 30 min at 4°C with 
FITC-labeled streptavidin and washed in PBS. Stained cells were analyzed 
using the Becton Dickinson FACScan. 

Cytotoxicity assay 

Cytotoxicity of PBL was measured in a standard 4-h s, Cr release assay. 
The tumor cell targets used were YAC-1 (NK cell sensitive), 76-9 rhab- 
domyosarcoma (H-2 1 *), C26 colon carcinoma (H-2% and BI6LM mela- 
noma (H-2*). All target cells were maintained in vitro in RPMI 1640 me- 
dium (BioWhittaker, Walkcrsvillc, MD) supplemented with 2-ME (5 X 
10 M; Sigma), gentamicin (50 jig/ml; Sigma), and 1 0% heat-inactivated 
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Days after tumor inoculation 

FIGURE 1. Survival of mice bearing established experimental pulmo- 
nary 76-9 rhabdomyosarcoma metastases. B6 mice were injected i.v. with 
5 X 1 0 5 of 76-9 tumor cells. Ten days later, mice were injected with 200 
rng/kg CY (□), followed 24 h later by 20 daily injections of IL-15 (10 
/Ltg/injection (□)). Control tumor bearers were injected daily with vehicle 
(O) or IL-15 (•). The data represent the mean values of five independent 
experiments; 



FBS (Atlanta Biologicals, Norcross, GA). Effector PBL and 51 Cr- labeled 
target cells (4 X I0 3 cells/well) were combined in 96-well V-bottom plates 
(Rainin, Wodum, MA) at various E:T ratios and incubated for 4 h at 37°C 
and S% C0 2 ; 100 /il/wcll of supernatant was then withdrawn, and radio- 
activity was measured in a gamma counter (Wallac, Gaithersburg, MD). 
Spontaneous release of 5, Cr (incubation of target cells with media alone) 
was less than 15% of maximum release (incubation of target cells with 5% 
SDS detergent). There were three replicates for each sample. Data were 
expressed as percentage of cytotoxicity calculated from the following for- 
mula: % cytotoxicity = (tcstcmp - spontaneous cpm)/(maximum cpm - 
spontaneous cpm) X 100. 

Sfatis/ics 

All data were analyzed by using the Student's / test (SigmaPlot), or x* test 
for survival studies, whereby p < 0.05 indicated that the value of the test 
sample was significantly different from that of the relevant controls. 

Results 

IL-15 administration after CY injection prolongs the life and 
cures TB mice 

Lung' metastases were established in B6 mice, as described. Ten 
days later, TB mice received an i.p. injection of CY (200 mg/kg) 
and daily i.p. injections of IL-15 (X20 at 10 /tg/injeclion) begin- 
ning 24 h after CY. The data in Fig. I summarize five independent 
experiments and show that 32% (8 of 25) of CY + IL-15 mice 
were cured, the remaining mice showing significant prolongation 
of life compared with mice receiving CY treatment alone, in which 
6.7% (2 of 30) were cured. The difference between groups of mice 
treated with CY alone or.CY + IL-15 was statistically significant 
{p < 0.005), as calculated at 100 days after tumor inoculation. Fig. 
2 shows that by day 35 after tumor inoculation, there were no 
visible tumor nodules in the lungs of mice receiving CY + IL-15 
therapy in contrast to lungs from CY-treated controls. Mice that 
were cured by either CY alone or combined CY + IL-15 therapy 
were resistant to a subsequent i.m. challenge with I0 4 76-9 tumor 
cells, while challenge with the irrelevant syngeneic B 1 6LM tumor 
resulted in tumor growth (data not shown), indicating the presence 
of immunologic memory. 

IL-15 induces an increase in the number of NKl.l^/LGL-I* 
cells and CD8+/CD44+ cells 

PBL from TB mice that had been treated with CY and 20 daily 
injections of IL-15 (10 u.g/day) were analyzed by flow cytometry 
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FIGURE 2. Effect of CY + IL-15 therapy on the number and size of 
established experimental pulmonary metastases of 76-9 tumor. Mice were 
treated as in Fig. I. Thirty-five days after tumor inoculation (=25 days 
after CY injection), lungs from randomly selected mice treated with CY 
alone {upper panel) or CY + IL-15 therapy {lower pane!) were removed 
and perfused with india ink. The presence of tumor lesions in two lungs in 
each group is shown. 



CY alone CY + IL-15 




FIGURE 3. Flow cytometry analysis of PBL from B6 mice with pul- 
monary metastases of 76-9 tumor receiving either CY treatment or com- 
bination CY + IL-15 therapy. Cells were isolated 24 h after 20 daily 
injections of IL-15- {right pane!) or vehicle {left panel) and analyzed for 
NK1 .1, LGL-I, CD8, and CD44 Ag expression. The percentages are shown 
in each quadrant. The representative of more than 1 5 experiments is shown. 



for the expression of multiple Ags, including NK 1.1, LGL-1, CD4, 
CDS, CD44, B220, Gr-1, MAC-1, and F4/80 as markers of the 
major types of potential effector cells. As was shown previously, 
injection of CY alone decreased the absolute number of PBL (22). 
Multiple injections of IL-15 into CY-trealed TB mice did not sig- 
nificantly change the absolute number of'PBL, but increased the 
proportions of NKI.l, LGL-1, CD8, and CD44 cells. The data 
presented in Fig. 3 is a typical dot plot of PBL isolated from TB 
mice injected with CY or CY + IL-15. Cells were double stained 
for the expression of NKI . 1 and LGL-1 {upper panel) or CD8 and 
CD44 {lower panel). It is seen that 20 daily injections of IL-15 
induced increase in NKL1 "*7LGL-I ~ cells (sixfold) and NKI.l + / 
LGL-1 + cells (17-fold). The percentage of CD8 + /CD44 + cells in 
PBL from CY + IL- 1 5- treated mice was also five times higher 
than in control mice (injected with CY alone), while the percentage 
of CD8 + /CD44~ was the same in both groups of mice. The above 
changes in NKI. I, LGL-1, CD8, and CD44 expression were also 
seen in non-TB mice after injection with CY + IL-15, indicating 
that this was not related to the presence of tumor and depended on 
IL-15 administration (data not shown). Administration of IL-15 
into normal or TB mice that did not receive CY treatment resulted 
in lower levels of NKI. I +/LGL-I + and higher levels of CD8+A 
CD44 + cells compared with mice treated with CY + IL-15 (data 
not shown). The changes in the expression of the other Ags relative 
to the appropriate controls were not significant and are not shown. 

It was evident the. maximum accumulation of NK and CD8^/ 
CD44 + T cells in peripheral blood was dependent on the number 
of IL-15 injections after CY injection. This is shown in Fig. 4. TB 
mice were injected i.p. with CY, followed 24 h later by daily 
injections of 10 fig of IL-15. PBL (from a pool of five mice per 



group) were collected 24 h after 5, 10, 15, and 20 injections of 
JL-15. As shown, 'the number of NK cells in PBL reached the 
maximum level after 10 injections of IL-15 and declined slightly 
after 15 injections. By day 7 after the twentieth injection of IL-15, 
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FIGURE 4 The effect of multiple injections of IL-15 on the percentage 
of circulating NKI. I* and CD8*/CD44"*" cells. PBL were isolated from B6 
mice with pulmonary metastases of 76-9 tumor treated with CY (□) or 
combination CY + IL-15 therapy (■) at the times shown. Cells isolated 
from normal B6 mice (O) were also analyzed as a baseline control. The 
staining procedures were as described for Fig. 3. 



6980 



CELLULAR MECHANISMS OF IL- 15-MEDIATED TUMOR REGRESSION 




0 5 10 15 

N amber of IL<I5 Injections 



FIGURE 5. NK -mediated cytotoxicity of PBL isolated as described for 
Fig. 4. PBL were incubated with NK. eel I -sensitive YAC-1 in a 4-h 51 Cr 
release assay. Values represent the mean ± SD of triplicate wells at an E:T 
cell ratio of 50:1. * t p < 0.05 compared with TB mice treated with CY 
alone. 



the percentage of NK. cells returned to the level seen in control 
normal B6 mice (data not shown). In contrast, the percentage of 
CD8 + /CD44 + cells increased in parallel with the number of IL-15 
injections (Fig. 45) and remained high for at least 2 I days after the 
Jast injection of IL- 1 5 (data not shown). 

IL-15 induces LAK cell, but not tumor-specific, class /-restricted 
activity in vivo 

To determine whether the increased levels of IL-IS-induced 
NKI.1 + and CD8 + cells were associated with increased cytotox- 
icity, PBL isolated as above were also tested for cytotoxicity in a 
standard 4-h s, Cr release assay. Fig. 5 shows that PBL isolated 
from TB mice treated with CY and IL-15 were highly cytotoxic 
against NK cell-sensitive targets (YAC-I). Similar to the accumu- 
lation of NKI.I + cells in PBL, the peak of NK-mediated cytotoxic 
activity occurred by 10-15 injections of IL-15 and declined there- 
after. Cytotoxicity above background levels was not detectable 7 
days after the twentieth injection of IL- 1 5 (data not shown). 
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FIGURE 6. Cytotoxicity of PBL isolated from B6 mice with pulmonary 
metastases of 76-9 tumor treated with CY or CY :£ IL-15. PBL isolated 
24 h after 10 injection of IL-15 were incubated with NK-scnsitive YAC-I, 
the specific 76-9, the C26 (BALB/c), and B16LM (C57BIV6) targets in 4-h 
'Cr release assay. Values represent the mean ± SEM of two to five in- 
dependent experiments (pool of 5 mice per experiment). *,p < 0.05 com- 
pared with TB mice treated with CY alone. 
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FIGURE 7. Survival of various mutant mice bearing established exper- 
imental pulmonary 76-9 tumor metastases. Mice were injected i.v. with 
5 X 10 5 of 76-9 tumor cells. Ten days later, mice were injected i.p. with 
200 mg/kg CY (□), vehicle (O), or daily injections of IL-15, as described 
in Fig. I. The data represent the combined values of two independent 
experiments. 



PBL isolated after 10 injections of IL-15 expressed high levels 
of cytotoxicity against YAC-1, and a lower level of lytic activity 
toward 76-9, C26, and B16LM target cells (Fig. 6), suggesting NK 
and LAK cells activity. The cumulative data from eight indepen- 
dent experiments indicated wide variability in 76-9 cell lysis (e.g., 
in one experiment, lysis was 40-50%; in four experiments, lysis 
was 10-30%; and in three experiments, lysis was 0-10%). Vari- 
ability was also seen in the lysis of BALB/c C26 colon carcinoma 
target cells (0-20% lysis) and B6 BI6LM melanoma cells (0- 
30%). The increased cytotoxicity against syngeneic BI6LM mel- 
anoma cells suggested the presence of LAK cells, but not Ag- 
specific cytolytic activity. In addition, no' significant increase in 
tumor sp. act. in PBL from CY + IL-15-treated TB mice was seen 
in tumor growth-inhibition assays, in which effector cells were 
cultured with target cells (YAC-I, 76-9, C26, BI6LM) for 96 h. 

Ceilu/ar requirements in vivo for successful CY + IL-15 therapy 

To determine whether NK, T, or B cells were responsible for the 
antitumor action of CY + IL- 1 5 therapy, survival studies were 
conducted using B6 mice with impaired NK cell activity 
(B6.beige), T and B cell deficient (B6.scid), T cell deficient 
(B6.nude), lacking of B cells (B6.IgH-6), and induced mutants 
deficient in a& T cells (B6.TCR-0~'~) or yS T cells (B6.TCR- 
5~'~) or both afi and yS T cells (TCR-05~'~). Mice were inoc- 
ulated i.v. with 5 X 10 s 76-9 tumor cells. Ten days later, they were 
injected with CY (200 mg/kg), followed 24 h later by 20 daily 
injections of IL-15. Fig. 7 summarizes the survival data. It is seen 
that IL-15 in combination with CY did not improve the survival 
rate in B6. beige, B6.nude, or B6.scid mice, but resulted in cures in 
30% of the B6.TCR-/T'" mice and in 40% of the B6.TCR-5 - '" 
mice. In the double knockouts B6.TCR-/35"' - , therapy with CY + 
IL-15 had no effect on survival compared with treatment with CY 
alone. The most effective CY + IL-15 therapeutic effect was seen 
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FIGURE 8. Percentage of NKI.I * , LGL- 1 + (A), and CD8 + /CD44* (B) 
cells in PBL isolated from B6 and mutant mice bearing pulmonary metas- 
tases of 76-9 tumor treated with CY or CY + IL-15 therapy. Cells were 
isolated from CY-treatcd mice 24 h after 20 daily injections of vehicle or 
IL-15 and analyzed by flow cytometry for the expression of the four Ags. 
Baseline controls are represented by PBL from untreated normal B6 mice. 
The representative of five independent experiments is shown. 



in the B6.1gH-6~'~ B cell-deficient mice, in which 100% of the 
mice were cured, suggesting a suppressor role for B cells toward 
CY + IL-15 therapy. Even in the CY control group, 60% of the. 
mice were cured. Those mice deficient in a/3 T cells, y$ T cells, or 
B cells surviving longer than 1 20 days were resistant to a challenge 
with I0 4 76-9 tumor cells, but not with B16LM tumor cells (data 
not shown). Since the cells other than NK cells may be defective 
in B6. beige mice, an attempt was made to deplete NK cells in vivo 
by administration of NKI.I Ab to B6 mice before and after injec- 
tion of tumor cells and the administration of combination CY + 
IL-15 therapy. Unfortunately, although depletion of circulating 
and splenic NK cells was successful, the administration of IL-15 
resulted in the reappearance of peripheral NK cells. As reported by 
Puzanov et al. (12), IL-15 induces maturation and proliferation of 
bone marrow-associated NK cell precursors. 

To determine whether parallel increases occurred in NKM + / 
LGL- 1 + and CD8 + /CD44 + cells as well as cytotoxicity, as shown 
for B6 mice (see Figs. 4 and 5), following CY + IL-15 therapy, 
PBL were isolated from these mutant mice after 20 injections of 
IL-15. The data in Fig. %A show that IL-15 administration induced 
a variable increase in both NK1.I "/LGL- 1 ~ and NKI.I + /LGL- 1 + 
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FIGURE 9. Cytotoxicity of PBL isolated from B6 and mutant mice with 
pulmonary metastases of 76-9 tumor, treated with CY or CY + IL-15 
therapy. Cells were isolated from CY-treated mice 24 h after 20 daily 
injections of vehicle or IL-15 and incubated with 5I Cr-labe!ed YAC-I tar- 
get cells, as described for Fig. 5. Values represent the mean ± SD of 
triplicate wells at an E:T cell ratio of 50:1. 



cell populations in all strains, including beige. The high levels of 
NKI.I + cells in B6.scid and Be.IgrW'" 8 cell-deficient mice 
can probably be explained by the absence of the major population 
of B cells, which account for up to 70% of the total PBL in B6 
mice. This explanation serves to explain the increase in CD8 + / 
CD44 + cells in B cell-deficient mice (Fig. 85). The absence of 
CD8 + cells in PBL from B6.scid, B6.nude, and B6.TCR-£5~'~ 
mice confirms the T cell deficiency in these mice. Fig. 9 summa- 
rizes the NK cytotoxicity data. An increase in cytotoxic PBL (ver- 
sus YAC-I cells) was seen in all mutant mice, relative to back- 
ground levels seen in untreated B6 mice or CY-treated TB mice, 
with the exception of B6.beige PBL, which expressed background 
levels only. PBL from B cell-deficient mice treated with CY and 
IL-15 show the highest cytotoxic activity, presumably because of 
the absence of B cells that increased the proportion of NK cells. 
All PBL that showed cytotoxicity against YAC-1 cells were also 
able to lyse 76-9, C26, and B16LM targets, but significant varia- 
tion in killing of these targets was seen, as described above. 

Discussion 

The current data indicate that treatment of mice bearing estab- 
lished experimental 76-9 rhabdomyosarcoma pulmonary metasta- 
ses with CY + IL-15 induced cures in 32% of mice, while only 
6.7% of mice were cured with CY alone. Since the complete erad- 
ication of experimental pulmonary metastases could be achieved 
only by treatment with the combination of CY and IL-15, but not 
with either agent alone, the data imply that IL-15 potentiated the 
antitumor action of CY. First, the oncolytic action of CY may 
result in a smaller rumor mass that may be more amenable to 
rejection by host-mediated immune responses. While CY induces 
a reduction in the size of the 76-9 lung tumors, it is unlikely that 
tumor size alone determines whether IL-15 induces antitumor ac- 
tivity, since tumors developing from smaller tumor inocula were 
not more sensitive to IL-15 administration. Second, it has been 
reported that CY injection inhibits suppressor cell activity associ- 
ated with spleen cells (17). In addition, it was shown previously 
that spleen cells from 76-9 TB mice could be used as a potent 
source of sensitized T cells that were therapeutically active when 
adoptively transferred to CY-injccted TB mice (28), Other reports 
similarly suggest that in some tumor models, suppressor cells are 
absent or exert minimal effects in CY-injected mice (29). Third, it 
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has been shown in the 76-9 tumor model that CY injection was 
followed by an increase in the expression of Th I -related cytokine 
genes such as IFN-y, IL-2, and TNF-a at the rumor site (24, 30). 
Since IL-15 has been reported to induce the production of TNF-cr 
and IFN-y from T and NK cells (2, 3 1, 32), its administration after 
CY injection may further promote the production of Thl -related 
cytokines. This in turn may augment T cell immune reactions at 
the tumor site, including the generation and activation of CTL and 
LAK cells. Finally, it has been reported that CY injection resulted 
in an increase in M<£, NK cells, and polymorphonuclear precursor 
at the tumor site (22, 23). In view of the reports that IL-15 may 
activate each of these cell types (7, 8, 12, 13), the administration 
of IL-15 in combination with CY therapy clearly has the potential 
to accentuate the antitumor roles that each or all of these cells 
express. 

The flow cytometry data indicated that when TB .mice received 
combination CY +* IL-15 therapy, there was a substantial increase 
in the proportions of NK and CD8 + T lymphocytes. Increases in 
peripheral blood CD4 + T lymphocytes, B cells, M<£, or granulo- 
cytes were not seen. The question raised was whether the increased 
levels of NK cells or CDS''' cells, or both, were responsible for the 
observed in vivo antitumor effects. Although high cytotoxic PBL 
activity was generated toward YAC-I cells, only relatively low 
cell cytotoxic activity was generated against the 76-9 targets. 
Moreover, the specific tumor targets were no more susceptible to 
cytotoxic cells than the BI6LM melanoma or C26 targets, sug- 
gesting LAK but not T cell cytotoxicity in PBL. In some experi- 
ments, the data suggested significantly higher cytotoxic activity 
toward 76-9 cells compared with the other two targets, but this was 
not reproducible over the full range of experiments. This low level 
of LAK cell activity observed in PBL was induced in the various 
natural and induced mutant mice and did not correlate with in vivo 
antitumor effects induced by CY + IL-15 therapy. Nevertheless, 
previous data indicated that NK1.1 "*7LGL-I + cells expanded in 
vitro with IL-15 expressed potent antitumor effects in vivo when 
adoptively transferred to CY -treated 76-9 TB mice (16). These 
expanded cells showed considerable NK cell activity in vitro, but 
only low LAK cell activity. Clearly, in vivo activity was not re- 
flected by in vitro cytotoxicity data. Similarly, it seems unlikely 
that CD8**7CD44 + T cells detected in PBL, putative memory cells 
(33) played a direct role in the antitumor effects generated by CY 
+ IL-15 therapy since IL-15 administration induced an increase in 
non-TB mice. If within this population there is a tumor-specific 
subset of memory T cells, this was not evident based on the in vitro 
cytotoxicity data. However, the findings that those a£ and -yfi T 
cell-deficient mice that were cured by CY + 1L- 1 5 therapy were 
shown to be resistant to a challenge with 76-9 cells, but not to the 
syngeneic B16LM melanoma cells, indicated that tumor-specific 
efTectors had been generated. As discussed previously in the con- 
text of spleen cells (16), to what extent the in vitro activity of PBL 
reflects events occurring at the rumor site during the generation of 
antitumor activity remains to be elucidated. 

In an attempt to determine what cells are required for successful 
CY + IL-15 therapy, the survival of mutant mice in response to 
combination therapy was evaluated. The overall data suggested 
that NK cells arid T cells expressing either cr/3-TCR or 76-TCR 
were required for a positive antitumor effect, while B cells ap- 
peared to be antagonistic to positive antitumor responses. The ev- 
idence concerning NK cells based on the use of B6.beige mice is 
somewhat equivocal. First, unsuccessful therapy in B6. beige mice 
may be explained on the basis that other defective cells play im- 
portant roles. For example, it has been reported that lysis mediated 
by cytolytic T cells is defective in B6.bcige (34). Second, IL-15 
administration resulted in increased numbers of NK cells and NK 
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cell-mediated cytotoxicity in B6.scid, B6.nude, and B6.TCR- 
03"'" mice that failed to respond to CY + IL-15 therapy. This 
would indicate that if NK cells were required for antitumor activ- 
ity, they did not appear to act independently of T cells and prob- 
ably did not exert their effects toward 76-9 tumor cells by direct 
lytic activity. There is no question that the NK cells are activated, 
as measured by increased cytotoxicity and by expression of the 
activation marker B220 (16). Thus, as discussed previously (16), it 
seems more plausible to suggest that the involvement of activated 
NK cells in antitumor effects will be via their secretory products 
acting on other cell types, such as T cells or M<£>. tt is proposed that 
the therapeutic efficacy of IL- 1 5-expanded NK cells adoptively 
transferred to CY-treatcd 76-9 TB mice is likely to be mediated by 
their secretory products orchestrating the generation of antitumor 
effectors. 

On the other hand, the collective data from the experiments 
involving B6.scid, B6.nude, and TCR-deficient mice were com- 
pelling in- that there was also an absolute requirement for T cells 
for successful CY + IL- 1 5 therapy. The apparent alternative roles 
of a/3 and 76 T cells in this regard are intriguing* since these two 
cell populations have different mechanisms of Ag recognition. It is 
well documented that a/3 T cells can kill tumor cells in an MHC 
class I-restricted manner (35). It also has been reported that y5 T 
cells can lysis tumor target cells in an Ag-specific manner (36. 37). 
Reports that yS T cells may localize in the lung, as well as other 
epithelial tissues such as skin and intestine (38), suggest that yST 
cells might be important in protecting the host against lung me- 
tastases. As cited above, IL-1 5 activates both a/3 and yS T cells (5, 
39, 40). The findings that cured TB mice deficient in a/3 or yS T 
cells resisted a challenge with 76-9 cells, but not with the B16LM 
melanoma cells, indicated that tumor-specific e Rectors had been 
generated in vivo. As discussed above, the failure of the in vitro 
cytotoxicity assays to show the presence of tumor-specific T cells 
would suggest that cytolytic T cells are not generated systcmically, 
but only at the tumor site. 

The exciting finding that the most successful antitumor effects 
induced by CY + IL-15 therapy were seen in the TB B6.1gH-6~'~ 
mice deficient in B lymphocytes provides for the first time a likely 
pathway by which therapeutic efficacy is regulated. The role of B 
cells in antitumor immunity is rather controversial. In several 
mouse models and in melanoma patients, it has been reported that 
the clinical outcome of immunotherapy was associated with B cell 
immune responses (41, 42). In addition, it was shown that B cells 
play an essential role in host protection against virus-induced tu- 
mors (43). However, it is evident that depletion of B cells by Abs 
against mouse IgG or IgM enhanced rejection of allogeneic or 
chemically induced tumors (44, 45). Our current data indicate that 
the absence of B cells is associated with enhanced antitumor ef- 
fects, suggesting that in replete B6 mice, the presence of B cells 
antagonizes antitumor effects. We can only speculate at this time 
as to the mechanism of action involved. It was shown that cell- 
mediated antitumor immunity can be blocked by Ab or Ab-Ag 
complexes (46, 47), and in the absence of B cells this inhibition did 
not occur. In view of the proposed dependence of successful CY + 
IL-15 therapy on NK cells and T cells, a more plausible candidate 
may be based on reports that B cell-deficient mice are unable to 
mount significant Th2 responses, while Thl responses are reported 
to be enhanced (48, 49). Th2-related cytokines such as IL-4 and 
IL- 10 were shown to suppress IL-15-induced activation of T lym- 
phocytes and NK cells (3 1 , 50). Thus, in the absence of B cells and 
suppressive Th2 factors, IL-15 may amplify Thl-dependenl reac- 
tions, including the generation of antitumor cytotoxic effectors. 
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In conclusion, we have shown thai ihe combined treatment of 
CY and IL-I5 induced a significant incidence of permanent re- 
gression of experimental metastases of the 76*9 rhabdomyosar- 
coma. This was associated with an increase in activated peripheral 
blood NK cells and CD8 + /CD44 + memory T cells. Successful 
therapy required the presence of either «/3 or yS T cells, and the 
absence of both subsets abrogated the therapeutic efficacy. Of con- 
siderable interest in the context of understanding how the therapy 
works was the finding that the most effective therapeutic benefit 
was seen in B cell-deficient mice, suggesting thai B cells or their 
products antagonize potential antitumor effector function. While 
neither the positive effects of CY + IL-15 therapy nor the negative 
effects of B cells have yet to be fully elucidated, in future exper- 
iments we will test the hypothesis that NK cells mediate their 
effects by amplifying the effects of Thl cells whose products ac- 
tivate effector or/3 or yd T cells. From a practical standpoint, the 
antagonistic effect of B cells would suggest that depletion of B 
cells may improve the clinical outcome of combination CY + 
IL-15 therapy. 
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Teporalin, a duel Wipoiiygenao* and cycloosygea* 
ase Inhibitor with nonsteroidal antiinflammatory ef- 
• Sects, has recently heen shown to suppress NF*c3 
' tranaeuctivation and inhlblfc T cell proliferation ^io & 
mechanism very different from cyclosporin© (CoA). .In 
this report, wis demonstrate that this novel immune- 
suppressive effect of te-posalin is manifested in in vivo 
transplantation models Tepoiudin suppressed murine 
spleen ceD pralitfarotaon sin m inured lymphocyte tro&c* 
tioii ( MY.Tt) with &n SC M of 1*3 /nM. Coadministration of 
&epox&li& and CsA in MLE cultures shovyod an addi- 
tive inhibitory effect. Oral sxdminlstration of tepoxcalin 
at 12 sng/kg/day to mice suppressed local grafUversno 
host (GVHJ responses by about 4&%;(n=10). Combino 
fcion of tepoxaliin and CoA aS suboptim&l. doses syner- 
gised their aiiamuxuumppireoaave effecto on <GVH1 
responses (n=£0). In oZoua transplantation, the median 
survival time of allogeneic BALB/cByJ (H-2*) mouse 
skin grafted onto C3H/EM (B-2h mioa was 10.0 days 
ln«=B), and was prolonged to 15.0 days (u=9) for redp- 
ient mice administered tepooialin at -50 mg/kg/day. Co-' 
administration of euboptimaJ dooeo of taposalin ( 12 . 6" 
mgOcg/day) • and CsA .(50 mgfkgJAay) prolonged skin 
graft rejections drannaticaily <65% of the grafts sur- 
vived for more than 40 days, n=8). Taken together, 
these results demonstrate that tepoftatin is a potent 
unmunnmoduiaitoiy compound that, when combined 
vrith CsA, provides synergistic immunosuppressive ac- 
tivity. The fact that tepoxalin and CsA act on different 
tranBcription factors, HFmB' and NPAT respectively, 
might ^-npiw^ the eyneargaotic suppressive effects 
when both compounds were uoedL Tepoaialxn could be 
on important addition to the cohort of . hmmunosup- 
prossrve therapies currently used in solid organ and 
bone marrow transplantations. 

The immune response in transplantation, which results in 
graft rejection and graft- vereus-hoat (GVH)° response, is pri- 
' marily triggered by T cello through recognition of alloanli- 
gens (1-4). Suppression of immune response could be 
achieved using agents interfering with T cell activation and 
effector functions. The use of cyclosporins (CsA) as an immu- 
nosuppressant in transplantation has been documented (6", 
6). CsA inhibits T cell activation by inhibiting the nuclear 
translocation of the nuclear factor NFAT (7, 6*). However, . 
CsA has associated toxicities and side effects when used at 

1 Address correspondence to Dr. Wei-Ping Pong-Loung, The RJW. 
Johnson Fhsnnaoeuljcol Research Institute, 3535 General Atomico 
Court, Suite 100, San Diego, California 82121. 

9 Abbrervisuo&s: CbA, cyclosporins; CO, cydoox/geaase; GVH, 
graftvverBU6-bast; LO, {(-lipoxygenase; MLR, mixed lymphocyte re* 
oction. 



therapautie doses (9). Compounds that suppress T cell-roe. 
dieted immune response with mechanisms different from - 
that of CsA will tmdoubtedly be valuable 'additions to the ' 
cohort of the current regiments. 
- Tepoxalia <&^4-ch]orcpbcnyl}^hydr^^ 
nyl>N-methyl'l-H*pyrazole^propanamide) was discovered ; 
originally an a dual inhibitor of o-Kpoxyganaae CLO) and 
cydDcxygenase (CQ) sod exhibits potent nonsteroidal antiin- '- 
flaihmatory activities in animal modolo of adjuvant arthritb m 
(70-12). Recently we found that tcpoxaHn also inhibits 
0KX3-indueed T cell proliferation via a mechanism very dip* ' 
ferant from that of CsA (13). CsA is known' to block Ur2 
production after activation of T cells through TCR/CD3,-' 
whereas tepoxalm mhibits TLr2 indured signs) transduction.^ 
(2SX An in-depth investigation of the mfftrhnniBm- of action ' > 
reveals that inhibita prodoimnantly KFkB activs** : 

tion U4) 9 whereas CsA is most effective in blocking NPAT 
transactivation (7, 5). Becauae of theso dz£Ecrent mechanism ^.v 
. of actions, a possible additiYe/eynergiaue afreet of the com: 
bined teposaUn and CsA treatment io esrpected. In this re-' 
port, we demonstrate that tepoxalm io indeed effective in. 
suppressing mixed lymphocyte reactions CMLR), GVH re- 
sponses, and allogeneic akin graft rejections in mice. Tbe v 
synergiBtic effect of teposalin and CsA in immunosuppres-'. 
si on was also studied. The possible mechanism cf teposalxn 
immunosuppression and its potential clinical application arc 
discussed. 

MATERIALS AND METHODS 

Mice Inbred C57BU6J, C3H/HeJ. and BALB/cByJ zoic* and 
BGD2F|/J mice vera obtained from the Jackscm Laborstory (Bar/ 
Harbor, M£X Thooo u&ed in sxporimsnta worn saals mica at about , 
6-10 weetco of ago that weighed 18-36 go. 

Preparation of tost eompoand&. TepoxaKn, naproxen, and sueutan 
were oyntbesieed by tha R.W. Johncon ?harmacautieal Ressorcb-. 
motitute (Raritan, KJX CsA (Sandimmuna Lv.) wos Oom.SaDdos 
(Quebec; Canada). For MLR ezperii&ennv etoch oolutiena of tepoaco-*.^ 
lin, naprown, and sileuton were prepared in DM50 ot 30 inM and t 
^p^t/M to working Poncentrntioao in culture medium at lbs tinte of ;. 
experimentB. DMSO st coneontrationo cqurvalant to those of ttia teat* , 
campoondfl wero used as controls in MLB assays. Par experiments of* • 
GVH lesponcsa and akin graft rejections, nncromzod tepaxnhn and s 
naproxen were suspended in 0-5% methyieellalose (Sigma, SL Louto, *^ 
MOJ at concentrations of 6 mgfad or lower. The vehide control won;, 
the equivalent volume of 0JS% inethyloslhuooa. Zilauton was dto- ( 
solved in 60% poryeuiylerne glycol 200 (Sigma, &X Louis; MO), ondt.. 
the corresponding vehicle control was ths equivalent volume of oofr' 
ethylene glycol 200. CsA tree diluted in saline. AO compounds *erj^ 
dissolved in vehicle just prior Lo administration to mice ot volumes 
0.01 mi par gram body weight. 
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proliferation assays. Sinfiie-ccJl suspensions from 
&opleeno wore washed once with PBB and then rasoaptnded in 
S^io medium supplemented with 5% fetal bovino coram ond 
LS-mcmiptocthanfil. Responder eplesB ceUa (2^X10*) from 
I mice (H-2*0 were stimulated by 2 A* 10° irradiated (2000 
a csllu from B6D2F,AJ nice' (H-^X The responder ond 
# .»ntnr cells va« eocultured Jo 250 medium containing 
Joancaatrotions of the tested compounds m tho 96-weD plates 
1 bottom welb, Corning lot, -W After 5 days of stimulation, 
i woo added to the cultures (0.5 udi pwr well) for4hr. 
f were harvested using o Tfimloc Harvester 96, MACK D 
Jc btc, Orran^e, CD and oaiaplco were CO anted using b Wollac 
fle'laplote "rnM",-**" 1 * counter (Pharmacia, Uppsala, Sweden). 
liability teat Call viability wao aowsaed with tho MTT essay, 
i wllo from C578I/BJ mios vrona prepared in RPMI 1640 roo 
upplementad with 5& fetal bovine oeraxn and 60 uM H-wsr- 
itanol Spleen cells (2K JO 6 /^!) wars otimulntsd with inum> 
1 anti-CDS CPharmingen) In tho presence of tepoxalin' or ito 
iDMSO in OS-well culture plotea (Coming Inc-, NYX TbeMTT 
J*a« conducted by using the Celltiter 96 Wt rPromesa Corp,). 
__£lo besed on the ^version of a tctrnzoKum boH by viable cello 
S^p^tectabU bhia fcruoosan. 

/l-oeiwff-Aort rtacSions* The GVH awury was based, on tho 
a-ofDorech ond Rosar U5X Spleen cells from C57BL/6J mice 
gfHtfected oobcutaneously into the footpad* of B6D2jyj mice. 

.footpad was injected with 8x10* spleen cells in 60 ut Sevan 
f Clater, ' the draining popliteal lymph nodea were removed, 
mad of fat ond weighed. Mies injected in the fcotpoda with ooKno 
^Qsad as negative controls. Liymph nodes of tbess mice were 
^nmd&hable from those injected with lyngeneic spleen ceUa. 
\»y m was administered orally and CoA ww given subeutane* 
8y\to mice daily started ono day before iootpad injection tmleoo 
ioe Bpeci fiwd- 

» graft uwitplantatituu C3B/BeJ mice 01-2*) were aneotho- 
Wby intrapentnnea) injec&an of 2JS% avcrtia (0.016 mVg body 
**— t A RroituuT bed (about 0,3 cm XI cm) on the mouse tail woe 
jd by peeling off atria earefouy to avoid hlesding* Tail clcin of 
raise wai peeled from BALB/cBy J imwtH-* 0 ) and then plocod 
t&'-ihi graft site in an oppoflite orientation according to the hair 
*Y direction. The crafted elrin was protected by a plastic tubing 
Jter 0.5 cm. length 3 cm) held in place by wound dins tor S 
j Shin grafts were en* m W»pfl and scared daily. A graft was Dcored 
zing rejected when more than BOTt of the graft was necrotic. CoA 
S^pWn oubctttaneouoly to mice daily starting one day baToro okin 
S^plaatation until rejection of grafto. Tepoxalin wao ipven orally 
fdjzy before traxisp! rotation ond then-dairy otortiiig one day after 
plantation until praft rejection. 

za pruttnixstion and trtaiistica. Data were analysed asms one- 
^.QunneltHB tests. 'A paroxnetric varsUm wos used if data were 
£ljy diotribuled oo Qoooacod by the V/ilk-Shapbro teat. Data 
i did not'ineet tho aasumptionfi of ZHtrmality were tested using 
: version of the Dunnetl'a test 



RKsuyrs 

l^fj^itionofMUl^^ We recently 

Vrted that tepoxolin euppresBea T cell proliferation and 
" is the activity of the transcription factor NPcrB (23, 14). 

activation and proliferation are critical for the xnitia- 
j<of an antigen specific immune* response. The transcrip- 
p factor NFkB is also known to be involved in regulating 
Impression of many target genes in an immune reeponse 
f'J7). The possible immunosuppressive effect of tepcomlin 
» . therefore studied. To determine whether tepoxaHn is 
Jgajble of inhibiting the immune response against alloanti* 
tepoxalin at various concentrations was tested in MLR 
5>iiferatioTj assays. The asaay was set up by stimulating 



C57BL/6J 03-2*0 mouse spleen ceU&" with irradiated 
B6D2P T /J (E-g^) mouse spleen calia As ahowD in Figure 1, 
tepmtalm inhibited cell proliferation in a dose-dependent 
faahion with an IC^, of XZ uM. The inhibitory effect wao not . 
related to call toxicity. Tepoxalin at concenfcrotiono of 25 pM 
or leas did not affect the viability of anti-CDS stimulated 
mouse spleen cells after 24 hr of treatment (Table 1). Since 
tepoxalin is a dual CO/LO inhibitor (10\ tba possible Unit of 
its-s^rpnresaion of BILE proliferation to its inhibition of CO 
and/or LO was studied, To address this qnesticn,. the well- 
known CO inhibitor naprosan and tha LO inhibitor x fleuton 
were tested in parallel at doses lp-fbld higher than their ICsp 
for ouppression of CO or LO in mice, reapactivoly. Neither of 
these compounds, nor the combination of both of them, had 
an rabibitory effect on MLR proliferation (Fig. 1\ 

To farther understand the uiechaniom of act^of tepcaca- 
lin, the tdnetice of tepcsolxn in inhibiting MLB proliferation 
was compared to that of tho hnown irn mnrrogm^presaant, • 
CbA, As shown in Table 2, the inhibitory effect was not 
diminished when tepoxalin. was added 24 r 72 hr after the 
initiation of MLR. In contrast, CsA was efiodivfc only if it wiaa , 
added at the beginning, of the cx^turea. To deterrorna 
whether tepoxalin and CsA were synergistic in inhibiting 
MLR prolKeratton, the two agents were tested in combina- 
tion. TcpaxaHn at 0*5 uM, 1 pM, or 2 *aM Wad tested in 
combination with varying concentrations of CsA (Fig. 2X QaA, 
alone iohibitod the response in & dose-related manner witpi 
an ICik, of 22 nM. TepoxaHn alone inhibited proliferation by 
26% at 0^ by 66% at 1 ^iM, and by &7% at 3 pM. When 
tepoxalin and CaA ware present at siibopthnn] conxentra- 
tions, the inhibition was dearly nddiUvc.Tnis additive effect 
was less significant at concentrations of the two drugs that 
were strongly inhibitory on their own. 

' Suppression of GVH responses by tepoxalin. The immuno- 
suppressive effect of tepoxalin .as demonstrated in MIA ae- 
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FtOUKB !• lohibition ofMLR proJiCaratioao by tepoxaHn, Splaen calb 
from C57BI^6J mice were cocnltnred in tripKcoto woBa wtb irrndi- 
sted spleen cells from BGDZPVU mice ea deserfbsd in Matmali and 
Methods. Varying cencentratitma of tcpasoUn, naproxen, tileutan, or 
naproxen + xueaton woro oddad to tha cultures at the rnitiatum of 
cuteores. ^-thymidroa uptake was oaeaourcd on day 6. Control 
cultures cmuoioxd DMSO dilated in a memer auTulnx to that of the 
enmpoundo. Uptahe of *H-thymidino m voHde conbnols woo about 
90,000 epm. Percentages of control reopooeta are calculated- as per- 
centages of (cpm of treated culturos/cpm of vehicle controlo). 
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dsy-1 101 OaT-leM dsy<*>6 
TepojataUaoAa 

FKxmx 4. arective suppressta of mouse GVH response br abort 
treatments with tcpcctslin. The GVH response was induced by mjec- 
ti<nx of C&7HL8J spleen osus into th* footpads cTB6D2F,« mice and 
was measured by weighing the draining lymph xwde* aa deaatoed m 
MahtriaU and Mdhads. Mice injected with saline instead of spleen 
wera used as negative control*- Topoxnlin (25 mg/kg) WM *d~ 
mmurtered creDy to mice at duTorent time. schedules ■■ shown. GVH 
responses in nucc treated with vehicle <Oe% metMsoIhilbM) ware 
used ai positive control*. Frvc mice wen used per group. The column 
bars represent tht standard errors. 



Nop. VMdi 



Kawostfi VUrfc* ZBMton Vaftleft napmwn 

Seagate »«is*b sor-*»~ 



. Suppression of QVH responses by toposalin. A local GVH 
was triggered by eubcutanaous injection of parental 
r spleen cells Into footpads of B6D2F,AJ mice, and was 
1 by weighing the draining tyxnph nodes aa described in 
and MrOuxU. Mies injected with ealme were used as 
tivoccatrols. Drugs were given to nice from*day —1 to day 6 of 
t GVH response. (A) GVH responses fo mice administered differ- 
ooeea of tepcocslin or vehicle control (0.5% mathylcellulose) 
jj. Ten nuns were used per group. The values from mice created 
a tepoxalin at 12, 25, and 60 mg/kgfduj are ajgnificanUy different 
aihe vehicle control group (Dunnotfr tastX Similar results were 
d from, more than three repeated experhnenta. <B) GVH re^ 
i io mi rr gWewCaA (50 and 76 mg/kg) or vehicle control 
s) tnbcotsoeonsly. Five mice were used per group, (C) GVH 
9 in mice gtreo nprrw^n, sUeuton, or the combination of the 
i-^rugs at £0 xngftg/day orslly. Mice aa vehicle controls for 
sen were treated with equivalent volumes of 0*5% mcthylcel- 
; for tileuton, they were treated with 50% polyethylene glycol 
; and for the comftiiaiian of drugs, they were treated with both 
> metbyk^ulose and 60% polyethylene gtyml 200. Fire mice 
t used per group. Toe column bars represent the standard errors: 
t indicate' s P value of <0.05. 



t the placebo-treated group started on day 7. About 60% of 
("eHografte in the placebo group were rejected on day 10. 
i at doses of 12.5 and 25 mg/kg/day did not have a 
t effect in prolonging graft rejection. When tepoxa- 
rat 50 mg/kg/day was administered to mice, a sd&ruficant 
Elongation of don graft rejection waa observed. The me* 
i sorvivaJ time of skin grafts, defined as the time point at 
50% of the -grafts ore rejected, wu 10.5 days in the 




Fkkxbs 6. Synergistic suppression of mouse GVH responses by tep- 
oxalin and CaA. The GVH response was induced by ir^Jection of 
C57BL/6J spleen cells into the motpads of B6T>2F,A1 mice and was 
measured by weighing the draining lymph node* as described in • 
Material* and Methods. Mice were treated with CsA (60 mg/kg) or 
tepcoralin (6 or 12 mg/kg) alone, or the combination of tepcowJin (6 or 
12 mg/kg) and CsA (60 mg/kg). Mice injected with spleen cells and 
treated with vehicles were used as positive controls. Macs injected 
with saline instead of spleen cells were used as negative controls. 
Twenty mice were used per group. The column bars represent the 
sUndsrti errors. Asterisk* indicate a P value of <O05. Similar re- 
sults were obtained iron) repeated experiment*. 

placebo-treated group and wag 15.0 day* for the group of 
T^in* treated with tepoxalin at 60 mg/kg/day (P<0.05). Fur- 
thermore, a combination of tepoxalin and CaA at low doses 
showed a dramatic prolongation of allogeneic skin graft re- 
jection (Fig. 11 About 52% of the mice treated daily with 
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Fjouas & Prolongation cf aJdn graft rejection* by. tepcxalin. BALB/ 
cByJmnuie tail akin was grafted onto tho tail of C3H/H&J mieo nod 
rejection of the grafted skin was coored as Ascribed la Materials* and 
Methods. Different doses of tcpaxaHo Trcrc administered oralry to 
C3HffIeJ rodpiant tnic© tho day bsfbra and after oMa tran£pkmti> 
tion, and than daily until shin grafts were rejected. Mice given the 
vehide (CWfc methyiteDulooe) orally were uoed go centrolQ. About 
ten tw^q ware used per grasp. Data presented were takes) from one 
oT the throe repeated ezcpsrimimta. Results obtained ftum sU throe 
caepcrunento' wcr© anuuar. Prolongation of oHn rejection la mice 
treated with tepmalin 60 ragflsff woo ciffiiifcant (P<0.O5. Dumwtt'o 
I tectt. ' 



CoA(6Omef0 

TeposaEnilWm&fte) 

♦ CcA (50 nr^&n) 




16 Hf 33 
Dayo aAef grafting 

Fionas 7. BnhwiTY^ prolongation of allogeneic ohin graft rejection 
by tepoxalin end CaA. BALBVfcByJ mouse tail akin was grafted onto 
the tail of C3H/HoJ mice oo deocribad in Materials and Method*. 
TepomKn (1U mpfeg) ohm 0 . CaA (50 rog/kg) alono, or tapaxulio 
(12* jngftg) plus CfiA (60 mgfhg) tyere adnnaistered to C3H/H&J 
mice tha day before and after akin transplantation, and then daily 
until okbt grafto wero rejected. TepcDtalin wan given orally and CaA 
was given Bubcutanaoudy. For recipient mice with akin grafto .oar* 
• viving for more than 40 days, drag odniimslratiaa was discontinued 
from day .40, eo shown by orrw*. About ten mice were uoed par 
group. Enhanced pnrtorigntion ofokfn reaction woo alco ©boarved for 
the combination of tepoxaKn (25 mgfeg) and CaA (60tng/kg)(data not 
ohorvaX 



tepoxalin (12,6 mg/kg/day) and CaA (60 mgfe&tfay) retained 
the allogeneic shin grafts on day 40 after transplantation. To 
determine whether innnunotelexance to akin grafts is gener- 
ated by the combined drag treatment, drug dosing was dis- 
continued after day 40 of transplantation. Skin graft rejec- 
tion was noticeable on day 16 and all the grafts were rejected 




on day 24 after drag cessation (Fig. U The results suggest 
that the combination of tepoxalin and CaA potentiates tha 
immunosuppressive effect, trot does not induce im ro nnotoU 
erance to the grafts. 



DISCUSSION ' 

In this report, we demonstrate that tepoxalin is effective in _ 
suppressing the immune responses in muxme models of GVH • 
reaction and allogeneic skin gnu> rejection. This inunmosup.' . 
preserve activity is not seen with other inhibitors df OO or 

LO. . _ 

To study the mechanism cTimmunoBuppressifln by tepoxa- , 
lin, we used the 4n vitro mixed lymphocyte reaction, which 
measures the prolifcrativ© response of parental strain 
C57BL/6J spleen cells whan stimulated by BGDZB t /J spleen. ] 
cells, Tepoxalin inhibited the aJloantigen-driven proliferstm- -i? 
response in a doee-related manner with an lCg© ofLSpM ;*1 
and a complete inhibition at 5 uhi. A similar inhibition wsa.:;3 
eeeh with CbA, which had an 10^ of approximately 22 nM.-^ 
and a complete inhibition at about 2C0 nM. However, there *>a 
were ^^^^ in tho kinetics of tha inhubitionD eeen wift-, 
tho two compounds. TepootaHn esortcd the saxno degree cf M ^ 
inhibition if added any time up to 72 hr after tbe*seb-up of* rj 
MLR cultures. CsA. was only inhibitory if added attheinit*:" 
atian of the MLR cnltnres. IL-2 production by T cells occuro 
early following activation, reaching peak levels .by 24 hr of 
culture (25, 19), CsA has been known for its inhibitory effect 
on IL-2 production (7, 20, 21) and is therefore expected to & . 
afiectT cells during the first 24 hr of activation. The fact that- ^ 
tepoxalin inhibits proliferation late In MLR assays suggeste ^ 
its inhibition of later events in- T cell activation- One pooai-.;^ 
bility is that the IL-2-mediated signal transduction pathway % V 
is affected by tepafcann, which has been shown on human - H 
' lymphocytes in" our previous report (13). 

GVH diseaae is s common problem in bone marrow trans- 
plantation that leads to frequent morbidity and mortality-^ 
(22). fifr ' p grafts trigger strong immune responses and have yi 
been one of the most difficult grafts in transplantation <3\ f : 
The hnranncsuppreseive activity of tepoxalin was demon-^ 
strated in murine models of GVH responses and allogeneic,^ 
skin graft rejections. Tepoxalin was found to mhibrt C3VH ^ 
responses at 12 mg/kg/day and to prolong skin graft rejet-^ 
tions at 60 mg/kg/day. The possibility that tepoxalin blocks- n ^ 
later event in immune response is again implicated byte : 
suppreasion of GVH reaction even when it was adnunistered u 
to mice 4 days after tho initiation of the response. . 

Tepoxalin is known to be a dual OO and LO inhibitor with 
potent antimftamniatory effects U01 One- of the obvious ^ 
questianu to ask is whether its immunosuppression is due in „ 
the inhibition of the CO or LO eusymea. The invoWement « 
CO and LO in the modulation of immune responses remain*}.^? 
controvorsiat Arechidonic add metabolites produced by-lp 
these enzymes, ouch as prostaglandins and leukotriene^^ 
have many biological activities, including the mochilation ; Q*g 
inflammation and immune response (23-£9). Indeed several.^ 
inhibitars of IX) have been shown to prolong graft rejecti on nv>£ 
transplantation {30-33X However, it was noticed that thos&^ 
LO inhibitors with imnrttnosuppression activity .are also 
tent antioxidants with inhibitory effects on NF*B acti 
(W, 55). Therefore the immurioregulatory effects of iheea;j 
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^pounds may not be directly related to inhibition of LO. 
Spared the effect of tepcxaliD with other known ICJCO 
ihitors in our studies. Naproxen (CO inhibitor) ox zileuton 
> inhibitor), or their combination, did not have any effect* 
$fl£R proUferationa or GVH responses. We have reported 

- tjy tepoxalin is distinct from other CO and LO 
gpoHors in its inhibition of NFkB activities {14 ). NF«B ia a 
ffotropic transactivator of many target genns involved in 

ynwe or inflammatory responses (16. 171. The immumv 
iprearive efTcct of tepoxalin may be attributed to its inhi- 
' i of NF*B and not related to the general inhibition of 
waiidonic acid metabolism. 
Taken together, these data show that tepoxaHn is an effecr 
~f jmninnoffuppreesi v'e agent. Since the mechani£m of tap-* 
% i appears to be different from CsA in immimcauppras- 
it suggests*! possible combinational: use of tha two 
>Undo.in immunosuppressive therapy. Moreover, tep- 
i U devoid of ulcerogenic actions hi ^txointestinal 
us that are the common cide eifbets of other NSAID 
, \ix t J2i The LDso °* tapoxalin.in mice and rata was 
■than 400 mg/kg, which is over 10-fold higher than the 
[re doses -used in in vivo inununoeuppression- Terpoxalin 
juiu therefore be an important addition to tho existing im- 
^nosuppressive therapeutic dmga to enhance the efficacy 

- * rcatinent and to reduce drug toxicity in transplantation 
autoimmunity. 

wMw*«^m«tnto. Wo thank Dr. John Booth, Anna Barmaidi, and 
> Integer far their assistance in manuscript preparation, and 
r Branco and John Doctolero fcr. maintenance of the animal 
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COMBINED THERAPY WITH INTEKIJEXjraN-4. AND INTOKLEUEXN^ 

10 INHIBITS AUTOIMMUNE DIABETES 3E6JECU5ffiENCE ' IN - 
SYNGENEIC ISLET-TEANSPLANTED NONOBESE DIABETIC MICE, 

Analysis of Cytokinb mRNA Expression in the Grapt 1 

ALEX RABrNOVlTCH,^ 4 * 5 WlLMA U SUARBZ-PlNZON, 4 OjJB SORENSEN, 4 E. CHBIS Bl£ACKL£T T Sa0 ■ ■ i 
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treated nnice, whereas isleta were infiltrated by leuhn*.,. 
cytcs end the 0 ceB maeo "was greatly ireduced in graft??/ 
from control yni™* Polymerase chnm reaction (PCS) 7 
analysis of cytokine xnKNA expression, fin the grafts 
revealed higher levels of JXr2, EFNy, and BL-10 mHNA'* 
In girafts of diabetic compasred with imorm ogly cemlo ^ 
control mice, whereas IFNy and TOTcr" inBNA levels^ 
wer« signif&oau Uy decreased in grafte of IX#-4 pins 
10-treated unico compared "wifih either normoglyc^inic.;^ 
or diabetic control mice. These results suggest that 
helper (1101 cello and their cytokine prod veto (H*-2/^ 
JFNy, end TKFa) may promote islet 0 cell destructive; 1 
insulitiD and autoirasnune diabetes recurrence in eymr 
gexieic islet-transplanted NOD mice, and- that admin- J. 
istretion of IL-4 plus XL-10 may inhibit diarxfttftfl recur*/ 31 ", 
rence by sirppressinfj Thl cytokines production in the; 
islet grafts, .'v.f 

- PC 

human-dependent diabetes meUitua QDDftS)* results fronr ^i. 
destruction of the ixunilm-producjng pancreatic islet 0. cells; 
by the .host's own immune system. Whereae it is not known ; 
what may initiate this autoimmune response against islat 0 
cells, there is abundant evidence that IDDM is T ceU-depen-C 
dent (i, 2). However, it is unclear which T cells are InvoK^: 
and how they may lead to islet 0 cell destruction. A variety of ^ 
immune/mflammatary cello infiltrate the pancreatic islets;^ 
and constitute the insulitis lesion (3, «X There is evidence in^, 
human patients with IDDM (&—8) and in animal n with spony^ 
taneous E&DM resembling the human diBeas o th e nonobese^ 
diabetic (NOD) mouse and the Mobxeeding (BB) rat (9-22}-^ 
that islet § cell destruction may involve heterogeneous effe*-^ 



Syngeneic pancrentie islet grafts In nonobese dia- 
betic .(NOD) mice elicit a caU-mediated autoimmune 
r&sponee that de a L ir o y o the insnUn»produciri£ cells in 
the islet graft. J3>4 and XIrlO are cytokines that inhibit 
cell-mediated i sum unity. la thio study, we evaluated 
the efTecto of KK#-4 and IL-10 on the survival of synge- 
neic pancreatic islets transplanted into diabe&ie NOD 
mice. Islet grafto survived beyond 18 days and norate*- 
glyccmia was maintained in 87% (10 of 15) of mice 
treated with pins XL-10, but in none (0 of 20) of 
vehicle-injected (control) mice. Also, 40% ($ of 16) of 
the mice treated with XL-4 plus IL-i.0 were normogly- 
cemic at 30 days ar^ex.transplantation, compared vvith. 
14% (1 of 7) of the mice treated with £Lr4 alone, 81b (1 of 
IB) of ftho mice treated vrith ILrlO alone, and none (0 of 
20) of the control mice. Histological examinatioin of 
grafts at 10 days after transplantation revealed perft- 
islst accumulations' of mononuclear leukocytes and 
intact islet fi cello in grafts from XL-4 plus* ILrlO- 
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Objective 

The effect of recombinant murine granulocyte macrophage colony-stimulating factor (rmGM-CSF) 
on survival and host defense was studied using two clinically relevant models of infection that 
included transfusion-induced immunosuppression. 

Summary Background Data 

Granulocyte macrophage colony-stimulating factor improves resistance in several models of 
infection, but its role in transfusion-induced immunosuppression and bacterial translocation (gut- 
derived sepsis) has not been defined. 

Methods 

Balb/c mice were treated with 100 ng of rmGM-CSF or placebo for 6 days in a model of 
transfusion, burn, and gavage, or cecal ligation and puncture (CLP). Translocation was studied in 
the first model. 

Results 

Survival after transfusion, bum, and gavage was 90% in rmGM-CSF-treated animals versus 35% 
in the control group (p < 0.001 ). After CLP, survival was 75% in the rmGM-CSF group versus 30% 
in the control group (p - 0.01 ). Less translocation and better killing of bacteria was observed in 
the tissues in animals treated with rmGM-CSF. . 

Conclusion 

The ability of rmGM-CSF to improve gut barrier function and enhance killing of translocated 
organisms after bum injury-induced gut origin sepsis was associated with improved outcome. 
Granulocyte macrophage colony-stimulating factor aJso improved survival after CLP. 
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Infectious complications continue to be a major cause 
of morbidity and mortality in surgical patients despite 
improved intensive care techniques, multimodality ther- 
apy, and preoperative support. 1 Fatal outcome from sep- 
sis usually results from progressive multiple organ failure 
or from septic shock. 1,2 

Critically ill surgical and polytraumatized patients 
have numerous disturbances of cellular and humoral im- 
munity, leading to a depression of defense against infec- 
tions. 3,4 Impairment of the ability of polymorphonuclear 
leukocytes (PMN) to phagocytize and kill bacteria are 
the most important alterations found. In burn injury, the 
development of acquired defects of host defense are well 
documented, particularly neutrophil function and its re- 
lationship to sepsis. 5 In patients with large burns, there 
commonly is a severe depression of functional humoral 
and myeloid components of host defense. 5,6 Moreover, it 
is suspected that intestinal flora can translocate from the 
intestinal tract and cause complicating systemic infec- 
tions in critically ill and injured patients. 

The barrier function of the epithelial layer of the mu- 
cosa and the killing capacity of the opsonophagocytic 
system influence the numbers of viable bacteria in the 
tissues associated with the translocation process. A defi- 
ciency of either one of these after trauma' could predis- 
pose to the biological consequence of translocation of 
microbes or their products, e.g., stimulation of the cyto- 
kine response. Berg et a!. 7 and Deitch et al. 8 popularized 
the concept of translocation in the 1980s. These investi- 
gators and others have demonstrated the appearance of 
enteric bacteria in the mesenteric lymph nodes (MLN), 
liver, and spleen after J to several days in a number of 
conditions, including bacterial overgrowth, 9 hemor- 
rhagic shock, 10 thermal injury," intestinal obstruction, 12 
endotoxemia, 13 intravenous hyperalimentation, 14 and 
antibiotic therapy. 15 Microbial translocation subse- 
quently was shown to occur directly through intact en- 
terocytes, 16 although bacteria may invade the gut directly 
through ulcerations. 13 Because bacterial translocation 
contributes to adverse outcomes rather than being a pas- 
sive associated event, 17 prevention of this process could 
become an important therapeutic tool for the manage- 
ment of critically ill patients. 

This study assessed the potential effects of rmGM-CSF 
on prevention of bacterial translocation and outcome 
(survival) after injury in two different types of experi- 
mental sepsis. Granulocyte macrophage colony-stimu- 
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lating factor was used because it has been reported to en- 
hance numerous functional activities associated with 
host defense. 18-24 

MATERIALS AND METHODS 

Animals and Animal Care 

Adult female Balb/c mice (H-2 d ) (Charles River Labo- 
ratories, Wilmington, MA), weighing 18 to 22 g, and 
adult female C3H/HeJ mice (H-2 k ) (Jackson Labora- 
tory, Bar Harbor, ME) were used in these experiments. 
The mice were quarantined for 1 week to allow adapta- 
tion to the environment and to exclude any animals with 
pre-existing diseases. During this period, and throughout 
these experiments, the mice were allowed free access to 
water and food (Rodent Laboratory Chow 5001 , Purina 
Mills, Inc., St. Louis, MO). The protocol was approved 
by the University of Cincinnati Medical Center's Institu- 
tional Animal Care Use Committee, and the animals 
were housed in an American Association for the Accred- 
itation of Laboratory Animal Care (AAA LAC) approved 
facility. All investigations adhered to the guide for the 
Care and Use of Laboratory Animals as set forth by the 
Committee on the Care and Use of Laboratory Animals, 
the National Research Council, the United States De- 
partment of Health and Human Services, and the Na- 
tional Institutes of Health. 

Blood Harvesting and Transfusion 
Procedures 

Under methoxyflurane anesthesia, C3H/HeJ mice 
were bled by cardiac puncture. The harvested blood was 
mixed at a 7:1 volume ratio with anticoagulant citrate 
phosphate dextrose adenine solution (Fenwal Labora- 
tories, Deerfield, IL) and stored at 4 C overnight. Five 
days before burn injury, Balb/c mice were transfused 
through a tail vein with 0.2 mL C3H/HeJ blood to in- 
duce a mild but well-defined immunosuppression. 35 

Preparation of rmGM-CSF and Animal 
Treatment 

Recombinant murine granulocyte macrophage col- 
ony-stimulating factor (R&D Inc. Systems, Minneapo- 
lis, MN, lot No. BJ09 1 . 1 2, 25 $ig) was supplied in powder 
form. It was reconstituted from lyophilized material and 
stored at —70 C at a concentration of 2 f*g/mL in phos- 
phate buffered saline (PBS) with 0.1% bovine serum al- 
bumin. Immediately before use, rmGM-CSF was diluted 
to a concentration of 500 ng/mL in sterile PBS (pH 7.4). 

At the time of treatment, animals received 100 ng of 
rmGM-CSF in 0.2 mL of PBS, injected subcutaneously 
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in the nape of the neck or an equal volume of sterile PBS 
for the control group. Mice were injected at 8-hour in- 
tervals for 6 days preburn or pre-CLP. 

White Blood Cell Counts 

Balb/c mice were anesthetized with methoxyflurane 
and blood was collected by cardiac puncture and placed 
into micro test tubes with ethylenediaminetetraacetic 
acid (Becton Dickinson and Co., Cockeysville, MD). 
White cell counts were performed using a hemocytome- 
ter (Hausser Scientific, Horsham, PA) and differential 
cell counts were performed using a blood film smear 
stained with DifT-Quick (Baxter, McGaw Park, 1L) and 
examined under a light microscope. A total of 100 cells 
were counted and classified according to morphology 
into neutrophils (segmented and unsegmented), lym- 
phocytes, monocytes, eosinophils, and basophils. 

Isolation of Splenic Macrophages 

Mice were killed and spleens were removed aseptically 
and placed in Hanks* balanced salt solution (HBSS) 
(Gibco, Grand Island, NY) containing 1% penicillin/ 
streptomycin solution (Sigma Chemical Co., St. Louis, 
MO) but without calcium and magnesium. The spleens 
were minced using disposable sterile scalpels and filtered 
through nylon glass wool to remove debris. The cells 
were washed with HBSS and centrifuged at 1 500 rpm for 
10 minutes at 4 C. Red blood cells were then lysed using 
10 mL of sterile water and 10 mL of 2X (concentrated) 
HBSS without calcium; magnesium was added after 10 
seconds. The cells were washed with HBSS and centri- 
fuged two more times and then counted. The numbers 
of total white cells and macrophages were determined 
using a hemocytometer with a gentian violet stain. 

CLP Procedure 

Using aseptic techniques, Balb/c mice were anesthe- 
tized with methoxyflurane and given a minimal midline 
laparotomy to expose the cecum. The cecum was then 
ligated with a silk suture and punctured once with a 25- 
gauge needle according to a technique described pre- 
viously. 26 

Preparation of "'In Oxine-Labeled 
Escherichia coii 

Escherichia cod (Stock #53104, University of Minne- 
sota, Minneapolis, MN) was inoculated into 25 mL- 
brain heart infusion broth (Baltimore Biological Labora- 
tories, Baltimore, MD) and incubated overnight at 37 C 
in a shaking water bath. This culture was centrifuged at 



4000 rpm for 10 minutes and washed twice in sterile sa- 
line. The pellet was resuspended in sterile saline, 1 .0 mCi 
of "'In oxine (Syncor, Cincinnati, OH) was added, and 
the suspension then was incubated for 40 minutes at 37 
C. The isotope-labeled bacteria were washed, resus- 
pended in sterile saline, and adjusted to a final concen- 
tration of 1 X 10 10 microorganisms/0.2 mL using a KJett 
densitometer (KJett Manufacturing Co., Long Island, 
NY). 

Gavage and Bum Procedures 

One day before burn, the hair of animal torsos was 
removed by clipping. Food was withheld for 18 hours, 
but water was provided ad libitum before gavage with 0.2 
mL of 11 'In E. coli while the animals were awake. After 
gavage, they were anesthetized with methoxyflurane in- 
halation, and a 20% full-thickness flame burn was in- 
flicted using the technique of Stieritz and Holder. 27 Sa- 
line (0.2 mL) was given intraperitoneally immediately 
after burn injury for fluid resuscitation, and the animals 
were allowed to recover from anesthesia with free access 
to food and water. 

Quantitation of Bacterial and Radionuclide 
Counts 

The solid tissues were weighed individually and ho- 
mogenized in 1.0 mL of sterile normal saline. One hun- 
dred microliters of the homogenate were removed and 
plated on eosin methylene blue (EMB) plates (Becton 
Dickinson and Co., Cockeysville, MD) for quantitative 
colony counts after 24 hours of aerobic incubation at 37 
C. The number of colony forming units (CFUs) were 
counted and expressed as CFU per gram of tissue by 
multiplying the actual counts by: 

(1 + weight) X 10 
weight 

To ensure that the E, coli grown from the tissues was the 
same species as the gavaged E. coli, the Sceptor System 
Test #80401 (Becton Dickinson, Towson, MD) was 
used. This system employs a combination of antimicro- 
bial susceptibility tests, biochemical identification, and 
a ^-lactamase test to identify specific species of enteric 
bacteria. 

The remaining portions of homogenates were used to 
determine radionuclide counts (as measured by degrada- 
tion per minute (dpm). The counts were determined us- 
ing a gamma counting system (Beckman Model Gamma 
5500, Beckman Instruments Inc., Fullerton, CA). The 
radioactivity in tissues was expressed as dpm/g of tissue. 
We determined that I dpm count corresponded to ap- 
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proximately 1 1 viable bacteria (this value was obtained 
by counting the radionuclide and bacterial counts in se- 
rial dilutions of the gavaged suspension) as measured by 
a Klett densitometer. The percentage of surviving bacte- 
ria in tissues was calculated by the following formula: 



dpm/g X 1 1 



STATISTICAL ANALYSIS 

To achieve a normal distribution of the data, the dpm 
values were converted to a logarithmic scale ( IO 10 ). Sta^ 
tistical analysis for radionuclide counts, the number of 
CFUs, and the percentage of viable bacteria was per- 
formed with the Wilcoxon rank sum test. Survival rates 
were analyzed by chi square test. White cell counts were 
analyzed by Student's t test. The difference among the 
means was considered significant if the p value was 
<0.05. 
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Experiment II 

Two groups of Balb/c mice were randomized to re- 
ceive 100 ngof rmGM-CSF(n = 20) or an equal volume 
of sterile PBS (n 20) every 8 hours for 6 days. Then 
.animals were transfused with allogenic blood (from 
C3H/HeJ mice). Five days after transfusion, the mice 
were gavaged with 10 10 E. coli followed immediately by 
a 20% total body surface area thermal injury. Survival 
was observed for 10 days after burn. 

Experiment III 

Two groups of Balb/c mice were treated with 100 ng 
of rmGM-CSF (n = 20) or an equal volume of sterile 
PBS (n = 20) every 8 hours for 6 days. Then the animals 
were transfused with allogenic blood (from C3H/HeJ 
mice). Cecal ligation and puncture were performed 5 * 
days after transfusion, and the animals were observed 10 
days for survival. 



Experimental Design 

All of the followjng experiments were repeated at least 
once to demonstrate consistency, and the results present 
data pooled from replicate studies. 



Experiment I 

To test the in vivo activity of rmGM-CSF, two initial 
groups of Balb/c mice were randomized to receive 100 
ng of rmGM-CSF (n = 7) or sterile PBS (n = 7) three 
times daily for 6 days. The animals then were transfused 
with allogeneic blood (from C3H/HeJ mice). Five days 
after transfusion, under methoxyflurane inhalation, 
blood was collected by cardiac puncture, and white cell 
counts were performed. The animals were killed, and the 
spleen was removed aseptically to determine the number 
of total white cells and macrophages. 



Experiment IV 

An additional 30 animals underwent the same proce- 
dure as described in Experiment II, except they were ga- 
vaged with 10 10 11 'In oxine-radiolabeled E, coli in 0.2 
mL and killed 4 hours after bum. The animals' abdo- 
mens were prepped with 70% alcohol, and by a midline 
laparotomy, MLN, spleen, and liver were harvested us- 
ing aseptic techniques. 

RESULTS 
Experiment I 

Peripheral Blood Changes 

White cell counts were performed on mice after 6 days 
of treatment with rmGM-CSF or placebo. As shown in 
Table 1 , there were significant increases in the number of 
leukocytes (p < 0.05) and neutrophils (p < 0.05) versus 
control. Monocytes increased fourfold in treated animals 



Table 1. PERIPHERAL BLOOD WHITE CELL CONCENTRATIONS IN MICE INJECTED WITH 

rmGM-CSF OR STERILE PBS 






Differential Cell Counts (Cells/>il) 






Group 


Total Cells Neutrophils 


Bands Lymphocytes Monocytes 


Eosinophitls 


Basophilis 


rmGM-CSF 
Control 


5966 ±1100' 1705 ± 265" 
3025 ± 363 911 ± 127 


42 ± 22 4031 + 1152 169 ± 152* 
11 ± 11 2047 ± 257 42 ± 26 


11 ±10 
8± 7 


8±7 
6 + 5 



' p < 0.05 (Studenl's t test). 

Values are expressed as mean ± SEW 
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Table 2. EFFECT OF rmGM-CSF ON 
CELLS IN THE SPLEEN 



Group 



Total White 
Cefls/g 
Spleen 



Macrophages/g 
Spleen 



rmGM-CSF 
Control 



20000 + 2757* 
10250 ± 1030 



1 483 ±327' 
818± 100 



" p < 0.05 (Student's west). 

Value 5 are expessed as mean ± SEM. 



compared with nontreated animals (p < 0.05). Although 
the rmGM-CSF group showed a greater number of lym- 
phocytes than the control group, this difference was not 
significant. 

Splenic Changes 

Total white cell counts in mice injected with rmGM- 
CSF were significantly higher than in PBS-injected mice 
(p < 0.05; Table 2). Differential cell counts in rmGM- 
CSF treated animals revealed a consistent rise in the per- 
centage of macrophages compared with nontreated ani- 
mals (p< 0.05) 



Experiment II 

Survival After Transfusion, Bacterial Gavage, and 
Burn Injury t 

Mice treated with rmGM-CSF had a 90% survival ( 1 8/ 
20); however, in nontreated animals, survival was 35% 
(7/20) (X 2 = 10.667, p < 0.001). Death occurred within 
the first 48 hours (Fig. 1). 




rmGM-CSF 
Control 



90% 



3 A 5 6 7 8 9 10 

Days 

Figure 1. Survival rate of transfused, gavaged. and burned mice treated 
with rmGM-CSF 100 ng X 3/day lor 6 days and nontreated animals. 
(rmGM-CSF vs. control; X 2 = 10.667. p < 0.001 [Chi square test]). 




30% 



Figure 2. Survival rate after transfusion and cecal ligation and puncture. 
(rmGM-CSF vs. control; X 2 = 6.416. p = 0.01 [Chi square test]). 



Experiment III 

Survival After Transfusion and CLP 

The survival rate of the animals treated with rmGM- 
CSF that received allogenic transfusion was 75% (15/20) 
versus 30% (6/20) in the control group (Fig. 2). (X J = 
6,4l6 t p = 0.01). 

Experiment IV 

Translocation and Bacterial Survival 

The magnitude of translocation of '"In E. coli for the 
two groups, as measured by dpm/g of tissue, is shown in 
Figure 3. Nontreated animals had a significantly greater 
amount of bacteria translocated to the MLN, liver, and 
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Figure 3. Degree of translocation of 111 In-labeled E. coti 4 hours after 
gavage with 10 10 E, colt and burn injury as measured by dpm/g tissues. 
Data are expressed as mean ± SEM. 
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Figure 4. Number of viable E. coti as measured by CFUs/g of tissue. Figure 6. Calculated percentage of translocated bacteria that survived in 



Values are expressed as mean ± SEM. 



the tissues. Values are expressed as mean ± SEM. 



spleen, compared with rmGM-CSF animals (p = 0.001, 
p = 0.003, and p < 0.000 1 , respectively) 

The number of viable E. coti recovered from the tis- 
sues, as measured by CFUs/g, showed that the mice 
treated with rmGM-CSF had fewer bacteria in MLN, 
liver, and spleen, compared with control animals (Fig. 
4). The rmGM-CSF group showed fewer numbers of vi- 
able E coti compared with nontreated mice in all tissues 
studied, and this difference was significant in the liver 
and spleen (p < 0.0001, p = 0.03, respectively, Fig. 4). 
Moreover, the incidence of viable bacteria in the liver 
was significantly higher in control animals compared 
with mice that received rmGM-CSF. Control mice had 
positive cultures in 93% (14/15) versus on\y 13% (2/15) 
in the treated group (x 2 = 16.205, p < 0.000 1 ; Fig. 5) 
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Figure 5. Percentage of mice with bacteria isolated from the fiver 4 hours 
postbum. There was a significant increase in the incidence ol bacterial 
translocation in nontreated mice. 



The calculated percentage of translocated bacteria that 
survived showed that the treatment with rmGM-CSF 
improved the ability to kill bacteria that translocated in 
the MLN, liver, and spleen, compared with controls (Fig. 
6), but this was significant only for the liver and spleen (p 
<O.0OOI,p = O.O3). 

DISCUSSION 

Despite advances in anti-infective therapy, sepsis re- 
mains a major cause of mortality in surgical and injured 
patients. A variety of alterations in the myelopoietic cell 
system after injury have been demonstrated, including 
decreased neutrophil chemotaxis and bactericidal activ- 
ity, 28 decreased serum colony-stimulating activity, and a 
decrease in monocyte release of colony-stimulating fac- 
tors. 29 The occurrence of these multiple defects has been 
shown to precede the onset of clinical septic events in 
patients by several days. 29 

In the last decade, several studies have recognized bac- 
terial translocation as a potential cause of systemic infec- 
tions, 10 clinical sepsis with undefined focus of infec- 
tion, 30 multiple organ failure, 31 endotoxemia, 13 septic 
syndrome, 31 and hypermetaboltc responses, 32 conditions 
that often complicate severe illnesses and trauma. The 
severity of infections associated with bacterial transloca- 
tion is determined by the burden of bacteria and their 
products crossing the mucosal barrier, and the ability of 
host defenses to kill and clear microbes and their prod- 
ucts, such as endotoxin. 

Granulocyte macrophage colony-stimulating factor is 
a well-characterized specific glycoprotein, purified in the 
mid 1 980s, and subsequently cloned, that participates in 
the regulation of production, differentiation, and func- 
tion of two related white cell populations of the blood, 
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the granulocytes and monocyte-macrophages. Granulo- 
cyte macrophage colony-stimulating factor does not 
stimulate proliferation of mature cells. However, it pro- 
longs the life span of these cells by suppressing apoptosis, 
which is the mechanism of active self-destruction char- 
acterized by specific DNA degradation and morphologi- 
cal changes in cells. 33 Granulocyte macrophage colony- 
stimulating factor has been shown to be directly chemo- 
tactic for neutrophils, 18 but high concentrations lead to 
migration inhibition, 20 probably with a down-regulation 
of the adhesion molecule LAM- 1 . w Several studies have 
recognized that it also can increase the capacity of neu- 
trophils to phagocytose and kill bacteria, yeast, and par- 
asites 21 * 22 to participate in antibody-dependent, cell-me- 
diated cytotoxicity 24 through binding the Fc portion of 
both IgG and IgA 19 with an up-regulation of immuno- 
globulin receptors on the surface of phagocytic cells. 35 
Granulocyte macrophage colony-stimulating factor also 
primes neutrophils and macrophages so that they re- 
spond more readily to major physiological chemoattrac- 
tants, including complement-derived C3a, leukotriene 
B 4 , and bacterial products, such as N formyl-methionyl- 
leucyl-phenylalanine, and releases reactive oxygen me- 
tabolites (superoxide) that have bactericidal activity. 23 
Therefore, this factor could directly improve resistance 
to infections in critically ill patients by reversing defects 
of neutrophil-macrophage function or improving their 
production. Other mechanisms to explain the effects of 
GM-CSF may occur through other immune-potentiat- 
ing processes. In fact, GM-CSF has been shown to afTect 
the expression of CR1 and CR3 receptors, expression of 
class II major histocompatibility complex, and interleu- 
kin-1 secretion from macrophages and cloned T-lym- 
phocytes. 3637 Moreover, expression of the adhesion mol- 
ecule CD1 lb is rapidly up-regulated by exposure of hu- 
man neutrophils to GM-CSF. 38 

This study tested the effects of rmGM-CSF on the sus- 
ceptibility of transfused and burned mice to gut origin 
sepsis and on the resistance of animals to bacterial peri- 
tonitis after CLP. The relationship between rmGM-CSF 
on bacteria) translocation of enteric bacteria and on the 
ability of the host defense to kill organisms was also de- 
termined. For this latter aim, we used a model for evalu- 
ating translocated bacteria using a known quantity of 
"'In oxine-labeled E. coli inoculated intragastricaily by 
gavage. This model is especially useful because the num- 
ber of microorganisms translocating across the mucosal 
barrier and the killing of translocated microorganisms 
can be studied simultaneously. Moreover, 1 "in oxine is 
not redistributed by metabolic processes in the organism 
or in the phagocytic cells after ingestion. This study used 
a blood transfusion/burn model with a gavage of 10'° £. 
coli that is associated with a. mortality rate of approxi- 
mately 65% to 90% during 10 days of observation, 25 and 



a model of transfusion/CLP with a mortality range be- 
tween 70% and I00%. 39 ^' Blood transfusion leads to im- 
munosuppression and increased susceptibility to infec- 
tions. 42,43 Because blood transfusions are used com- 
monly in surgical patients, burn injury, and trauma, 
these models may accurately reflect the pathophysiologic 
perturbations of critically ill patients. The CLP model 
was used because the hemodynamic and metabolic 
effects in rodents 26 seem to have clear parallels to the 
clinical situation of septic shock in humans, as described 
by MacLean et al. 44 The high mortality rates of these 
models also are ideal for the evaluation of therapeutic 
interventions. This study suggests that the modulation of 
host bactericidal mechanisms with rmGM-CSF strongly 
affects mortality in either model of sepsis. These experi- 
ments also show improved killing of translocated bacte- 
ria in the burn/transfusion model. 

Other reports suggest that the administration of 
rmGM-CSF in animal models potentates hpst defense 
mechanisms. Recently, Molloy et al. showed that treat- 
ment with rmGM-CSF in mice with 30% total body sur- 
face area thermal injury and induced sepsis significantly 
improved survival rate as compared with nontreated an- 
imals. 39 Tanaka et ah reported that administration of 
rmGM-CSF to leukopenic mice injected with lethal in- 
ocula of Pseudomonas aeruginosa improved their sur- 
vival relative to controls, and the numbers of viable bac- 
teria in the blood and in several tissues were significantly 
lower in treated versus control animals. 45 Frenk et al. 
showed that rmGM-CSF administered to neonatal rats 6 
hours before a 90% lethal dose challenge of Staphylococ- 
cus aureus significantly improved survival, and de- 
creased the number of blood cultures positive for the mi- 
croorganism. 42 Moreover, other studies in immunocom- 
promised mice treated with GM-CSF showed that mean 
survival time and survival rate were increased and bacte- 
rial burden was reduced compared with control animals 
after inoculation with lethal doses of different kinds of 
microorganisms. 47 " 49 

The observed therapeutic effects of rmGM-CSF on re- 
sistance of bacterial translocation could be caused 
mainly by the stimulation of an enhanced rate of phago- 
cytosis, by induction of bactericidal or bacteriostatic 
mechanisms, or by stimulation of an increased produc- 
tion of neutrophils and macrophages by the bone mar- 
row. Examination of the numbers of peripheral blood 
white cells and total cell counts and macrophages in the 
spleen in our study revealed significant changes in the 
treated group compared with control animals (Tables 
1,2). Our observations are in agreement with Metcalf el 
al., who showed that injection of rmGM-CSF into nor- 
mal mice three tiroes daily for 6 days resulted in an ele- 
vation of blood neutrophil levels and spleen content of 
macrophages. 50 - 5 1 Recently, Faisal et al. showed, as a late 
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effect, that treatment with rmGM-CSF induced activa- 
tion and an increase in lymphoid cell number, especially 
B cells in patients with refractory aplastic anemia. 52 

Our data showed an unexpected "cytoprotection" ac- 
tivity of rmGM-CSF on the gastrointestinal mucosa, sig- 
nificantly reducing the amount of bacteria that translo- 
cated through the gut (Fig. 3) and improving survival 
(Fig. I ). The exact mechanism for rmGM-CSF-related 
cytoprotection activity, however, is not clear, but could 
be related to the production of prostaglandin E (PGE) 
mediated by GM-CSF. Kurland et al. demonstrated a 
close biosynthetic relationship between the production 
of colony-stimulating factors and PGE by macro- 
phages. 53 There are several mechanisms by which colony 
stimulating factors may promote new PGE production. 
Colony-stimulating factors may activate phospholipase 
to liberate arachidonate from membrane-bond phospho- 
lipids or activate cyclooxygenase directly to convert ara- 
chidonate prostaglandin G2 and H2, bioactive precur- 
sors of PGE 2 . Recently, our group has shown that PGE 
analogs significantly reduce bacterial translocation. 17 
The potential mechanism of action of PGE on the intes- 
tinal mucosa has been attributed to various effects, in- 
cluding increased gastrointestinal blood flow, enhance- 
ment of mucus secretion, promotion of bicarbonate se- 
cretion, and cyclic adenosine monophosphate pro- 
duction. 54 

Receptors for GM-CSF are present on cells other than 
those of hematopoietic origin, although their presence 
has not been studied in the gut epithelium. Specific bind- 
ing of GM-CSF to a receptor has been observed in non- 
hematopoietic tissues, such as vascular endothelial 
cells. 55 Granulocyte macrophage colony-stimulating fac- 
tor induces vascular endothelial cells to proliferate and 
migrate both in vitro and in vivo, 55,56 suggesting a possible 
role for GM-CSF in neovascularization after injury or 
inflammatory disorders of gastrointestinal mucosa. 

Our data suggest that the ability of rmGM-CSF to im- 
prove survival in two different types of sepsis is related to 
augmentation of the production and function of granu- 
locytes and macrophages and to an improvement in gut 
barrier function. 
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w5#d 4h©~p Clhaeini off ih® DiniteirteykSfThS ^©soptor.. 

Kenneth H. Grabstein, Juno Eisenman, Kurt Shanebecfc, 
Chartes Rauch, Subh&shtni Srinh/asan, Vector Fung, . 
Courtney Beers, Jane Richardson, Michael A. Schoenborn, 
fWinoo Ahdleh, Usabeth Johnson, Mark R. Alderson, 
James D. Watson, Dirk M. Anderson, Judith G. Girl 

A cytoedn? was tasnttfied th^ stimulated the prortfenstkm of T ry mphoc ytes r end a com- 
plemenlary DMA dona encoding Chte n©w T cell fpowth taxJor was esoteted. TTie cytokine, 
designated lntertetJto-15 (IL-15), Is prctSuced by a wide varteiy c4 coQs end tteuos and 
shares many biotogfcal propertt^s with 0.-2. WonoctaaJ BJitSbodto to the p chain of tho 
BL-2 teceptOT inhibited tha bcoEo^ca] acah% oJ IL-15. end IL-15 oornpsted for birafrig urKh 
brdfcatirtg that IL-15 uses compofienis of tha BL-2 n^epSor. 



The pJoUfexarion and differentiation of T 
lymphocytes b regulaoftJ by cytokines that 
act in combination with signals induced by 
the engagement of th« T cell antigen recep- 
tor. A principal cytokine used by T cells 
during immune, responses is itself a 

product of activated T cells. UU2 also stim- 
ulates a number of other cell types, includ- 
ing B cells, monocytes, rym^ldne-acti- 
vated killer cells, natural taller cells, and 
glioma cells (2). IL-2 Lnnaraco with a spe- 
cific cell ntrfecc receptor (IL-2R) that con- 
cains at least three subunits, cl, p, and y 
(3). A number of other cytokines also 
stimuBate the ptoUreration of .T cells, and 
recent evidence has suggested! that the re- 
ceptors for several of these cytokines in- 
clude the y chain of IL-2R {4). We describe 
a cytokine whose biological activity resem- 
bles that of IL-2 and which alto uses com- 
ponents of IL-ZR. 

In the course of testing supernstants 
from b simian kidney epithelial cell line, 
CV-1/EBNA (5), for cytokine activity, it 
was discovered that these cells produced a 
soluble factor capable of supporting prolif- 
erarion of the IL-2-dependmt ceD line, 
CTLL (6). The prorein responsible for this* 
biological activity vras purified from serum** 
free supernatant* of CV-1/EBNA cells 
by a combination of hy^rophob£c incerec- 
tion and ardon-eschange chroinatDgraphy, 
high-pressure liquid ciuoznau^raphy 
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(HPLC), and SD&^ry^cxySaroide gel dec- 
aophoresis (SD5-PACE) (Fig. 1A, bot- 
tom). Analysis of the biological activity in 
uSe fb^ HPU^ frcctums (Bg. 1A, top) and 
in horizontal slices of the SD&-P AGE gel 
(Bg. IB) indicated that the activity coin- 
cided with a band of appxcoarhately 14 to 15 . 
kD. This protein was blotted to a poryvi- 
nylidcne dinuoridc (PVDF) membrane, and 
the NH 2 -termirial residues were directly 
sequenced. We used degenerate oligonucle- 
otide primers on the basis of this amino add 
sequence and the polymerase chain reac- 
tion (PCR) to clone a 92-base pair (bp) 
amipletncnraiy DMA * (cDNA) fragment - 
from roRNA of CV-i/EBNA celb. This 
cloned cDNA fragment was used to probe a 
plasxnid library containing cDNA inserts 
prepared from mRNA of CV-1>EBNA ceDa> 
A folUcngbS cDNA done was detained that 
encodes a l67-fl3iuito vxid precursor polypep- 
tide containing an. unusually Ions 48-emirto 
acid leader stqupgyce that is cleaved at die 
eio^crin^entalry determined NH 3 ->terirunus to 
form the mature protein. The arouxo acid 
sequence (Rg. 1C) ruhtes no similarity to 
any protein mGenBgnk or EKfflL da r a hwtrL 
However, IL-15 and IL-2 wtprmrya were 
compered to deterrcins if there might be 
srructural sirnilaririea. The three^luitenssonal 
(3D) structure of fL-2 (7) consists of a four- 
htdis bundle, and IL-2 bekm^ to the helical 
cytokine family (8). Althou^t the mfrmhms 
of this farniry show no sequence similarity, 
they show many structural similarities, and 
TL-15 is no exception. The secondary struc- 
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tuze prediction for IL-15 shorn strong heticaJ 
mommr far regions 1 Co 17 and 94 to 112 and 
supports a four-helix bundle-like structure for 
this protein. We used the IL-2 structure as a 
template, to build a 3D model of IL-15 with 
FOLDER, a distance geometry-based homol- 
ogy mryfrring package (9). The model sug- 
gests two disulfide cross-finks one of which, 




F10. 1- Purification and ctortng of IL-15. (A) 
(lower panel) saver-stated gel after SOS- 
PAGE of active fractions from the final HPLC of 
the IL-15 purfcatton {17). Molecular sizes are 
indicated on the left (in kflodartorw). (Upper 
panel) Trie activity of each HPLC fraction «' 
graphed directly above me corresponding lane 
of the gal. (B) The activity ekxed from each 
horizontal sflce (of a staler oaf of the peak 
fraction) is depicted atongsf d e the coi iesp ond- 
ing position on the gel (O The deduced amino 
acid sequence of mature simian IL-15 {16) (n a 
schematic representing Eta precficted fotcQng 
topobgy, with four heftces (boxed sequences) 
in an upHjp-oowrvdown configuration, three 
loops correcting the heficea (shaded se- 
quences), and two dsuffide crossfinks (darker 
shading}, as suggested by homology modefing 
of IL-15 with the crystal structure of IL-2 as 
tempfate with use of the FOLDER program (9).. 
The seopenoe of simian IL-15 has been sub- 
mitted to Gen8anfc~EMBL (accession number 
U03099), SrhQMetter abbreviations for the 
amino acid residues are as foOowsc A, Ala: C 
Cys: D, Aspc E. Gtu; F, Phs-G, GJy; H : Hs; I, Ite; 
K, Lys; L Leu; M, Met; N. Asn; P, Pnr, Q, Gm; S. 
Sen T, Thr; V, Van W, Trp; and Y. Tyr. 

966 



Cys^-Cys 8 *, is analogous to oSe only disulfide 
in 

Northem (RNA) blot analysis of a variety 
of human cell lines identified the IMTLH 
bone marrow stromal cell, line as a source of 
human 11^15. The rfiTuan-oVrved cDNA was 
used to probe an IMTLH cDNA htxary. A 
single hybridizing done was Isolated that 
shares 97% sequence identity in the coding 
region with the simian IU15 cDNA. The 
human IL-15 cDNA contains a 316-bp 5' 
non ooding region prrirfrfing an open reading 
frame of 486 bp and a 400-bp 3' nonooding 
region* 

Expression of IL-15 mRNA was detected 
by Northern blot analysis of several human 
tissues. IL-15 mRNA was most abundant in 
placenta and skeletal muscle (Fig. 2A), 
wibH detectable levels in heart, lung, liver, 
and kidney. The best sources of IL-15 
mRNA so fax observed have been adherent 
peripheral blood inorumuclear cells (mono- 
cyte enriched (PBMCs)) and epithelial and 
fibroblast cell lines such at CV-I/EBNA 
and IMTLH. Freshly isolated, uncultured 
PBMO (Fig. 2B) also express very low 
levels of IL-15 mRNA. Activated peripher- 
al blood T cells (PBTs), a rich source of 



IL-2 and IFN-y mRNA, express no detect- 
able IL-15 mRNA, nor do B rymphobla*- 
totd cell lines such as InY-l. 

Simian IL-15 was expressed in yeast 
from a cpNA in which die 5' unnartslated 
spfpimnrf and. the 46^«mmo add leader 
sequence had been rcnxjved. Purified re- 
combinant fS r"** " * H-15 stiraulated the pro- 
liferation of CTLL ceOs (rig. 3A) ana! also 
phyiohcirtaeglucrjun (PHA)-actrvated PBTs 
(Fig. 3B), in each case to the same extent 
and with similar potency as IL-2. Both the 
CD4+ and CDS* subsets of PBTs responded 
to IL-15 after activation with PHA (fig. 3, 
C and D). IL-15 was also (bund to stimulate 
die proliferation of murine antigen-specific 
T cell clones, Induding helper and cytotoxic 
clones (10). 

In addition to stimulating the prolifer- 
ation of CTLL cells and PBTs, IL15, like 
IL2, induces the -generation of cytolytic 
effector cells in' vitro (Fig. 4A). The pri- 
mary in vitro induction of alloantigeo- 
specinc cytotoxic T lymphocytes (CTLs) 
was measured in mixed Leukocyte cultures. 
Non— antigen-specific lymphoids -activat- 
ed killer (LAK) cells were generated in 
syngeneic cultures of PBMCt. IL-15 was at 



Hg. 2. Northern analysis of human celts and 
tissues for IL-15 mRNA. Northern bkxs contaln- 
big pcJyedenytated RNAs were hyoricfiied vvfch 
en antiGense probe made by o^nscriprJon of a 
human IL-15 cDNA (19). (A) Human tissue blot 
(CJontech, Palo Alto, Q&fitorrda)/Molecutar est. 
es ere indicated on the lefL{ln kaobases). (B) 
Blot containing RNA from CV-1/EBNA eels 
(simian) and human ceDs tnctuoSng- IMTLH 
cells, a cefl Una derived from human bone 
marrow stromal oaO cufture trartsformed wjth 
pSV3Neo; PBM, adherent peripheral blood 
rrjononucfear cefis greatly enriched for mono- 
cytes, cultured tor 4 hours in flpopofysacchericfe; PET ^-rosetied) stimulated for 4 hours with 
loriornycin and PMA; P6MC. freshly Isolated uncultured peripheral blood mononuclear cells; and 
MP-i , an EBV-msnsformed B rymprtooiastoid ceO line. Cros^-tytorfcJstafionof the IL-15 probe is also 
seen to 285 riboeomal RNA. 
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Fig; 3. Regulalion of proftfefation 
by IL-15. Purified recombinant 
sfrroan IL-15 (20) was compared 
to human raccrnbrhant IL-2 (Qe- 
tus Oncology Corporation, Errv 
eryvifte, CtoBomEa), at various 
concentrations* for induction of 
proliferation of murine CTLL ceils 
(A) or of rMArectJvated human 
peripheral blood T lymphocytes 
and their derivative CD4"* and 
CDS* subsets (B tfvough O) ( 1$). 
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least as potent and effective as IL-Z in 
these assays. 

The similar biological properties' of IL- 
15 and IL-2 suggested that EL-15 might 
function by inducing the production of IL-2 
or by using the same receptor. A neutrabx- 
. ing antibody to IL-2 did not inhibit die 
induction of LAK cells by 1L-15 (Fig. 46), 
indicating that IL-15 probably does not 
function in this assay by inducing IL-2* 
Furthermore, an antibody to IL-2Ra (anri- 
IL-2Ra) (IA3) failed to inhibit IL-15- 
induced proliferation of PHA-activated 



* Fig. 4. (nhQsftion of IL- 
15 biological activities 
by anftxxfias to IL- 
2flp. (A) Cytolytic activ- 
ity (lytic urt&s) from hu- 
man mixed taufcocyte 
cultures (CTL) or syn- 
geneic cultures (LAK) 
containing various con- 
cantrdions of cytokine 
was measured (21) 
against either the spe- 
cific allogeneic target 
cefi (CTt) or against the 
DaucS lymphobiastotd 
ceO line (LAK). (B) Cy- 
tolytic activity from cul- 
tures parallel to those in 
(A) containing Mikfil 
antML-2R3 (10 nQ/mt) 
or sheep antML-2 000 
p.o/mf) In the presence 



PBMC* (PHA-PBMO) , although this an- 
tibody inhibited IL-2-induced proliferatfon 
(Fig, 4C). This- is further evidence thar 
IL-15 can function in the. absence of IL-2. 
The antibody to IL-2 did, however, inhibit 
induction of CJLs by IL-15 from resting 
PBMCs, indicating that under these condl- 
lions DL-15 either induces IL-2 or syncrgUes 
with the low level of endogenously pro- 
duced IL-2 to induce functional T cells. 

To further compare IL-2 and IL-15, wc 
examined the binding of radiolabeled ILrZ 
and IL-15 to PHA-activated PBMCs (Fig. 
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: of ether IL-2 or IL-15 (10 ngAnf). (C) Proliferation of PHA-stsmulaled PBMCs ( 16) recuttured with the 
indicated artflxxfies to IL-2R0 (each at 10 >»©/ml), Mfcpi. TU27, and TU11 (£2). or to lL-2Ra. 2A3 
'{22), "n the presence of IL-2 (top y axis) or IL-15 (bottom y axis) (each at 3 ng/rnl). The mean Is 
different than "none" at the 0.05 level according to Durmett's procedure for comparing several 
treatments with a control (23). The data represent the means of four replicate cultures; and the 
experiment shown is representative of at least five experiments using these and other antibodies to 
IL-2R3. (D) Proliferation of CTLL ceOs cultured w5h various concentrations of antML-030 (Riarmiv 
. gen, Sen Diego. Cafitornia) fri the presence of IL-2 or IL-15 (eech at a 1 ng/rnl). The response of the 
CTLL ceils to IL-4 was unaffected by this anttoody. Shaded bore, IL-2; hatched cars, IL-15. 



Fig* 5* @sft) Compart* 
son of ,a5 ML-15 and 
'«ML-2 binding to 
PH^actrvated PBMCs 
* [24). Scatchard repre- 
sentation of the bincfeig 
data. Flg> 0. (iop* 
right) Inhibifon of ias W 
*. 0.-2 bending to YT eels 
by IL-15. BindSng of ra- 
diolabeled IL-2 to YT 
cette (25) was carried 
out In the presenoe of 
increasing concent ra- 
tions of unlabeled IL- 
15. Ceils were first incu- 
bated with the 2A3 an- 
tibody to IL-ZRb for 60 

min, 4*C at 40 iigirri. lS H-fL-2 was used at a concentration of 
5x 10- 1o M. Fig. 7. (bottom, rigftQ32DceRs respond to 
IL-2 but not to IL-15. 320 cells were cultured al 50.000 ceils 
per culture h the presence of various celebrations of IL-2 
or IL-15. 
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5). Scatchard analysis indicated that IL-2 
binding to these cell* shows the wcuVknown 
two classes of high- (dissociation constant 
(Kj) = 1.48 x 10" 11 M| and low-afiniry 
receptors, but IL-15 appears to have only a 
single high-affinity [Kj = 2 J X 10" 11 Ml 
binding site. The number of IL-15 receptors 
per cell is very similar to the number of 
high-affinity IL-2 receptors (573 and 426 
sites per cell , respectively) .To test whether 
subunitB of 1L-2R might participate in lLrl5 
binding, we measured the ability of IL-15 to 
inhibit binding of radiolabeled IL-2 id re- 
ceptors on the human YT cell line (II). 
The YT cell line was chosen because of the 
low expression of IL-2Ra on these cells. 
IL-15 very effectively competes with IL-2 
for binding to YT cells (Hg. 6), suggesting 
that IL-2 and IL-15 share common binding 
sites, on these cells. 1L-1 and IU4, both of 
which band to their own sites an YT cells, 
failed co compete for 1L3 binding. Experi- 
ments with blocking monoclonal antibodies 
cormrmed the participation of IL-2R chains 
in IL-15 irirulingand function. Whereaa the 
anrML-2Rot did not inhibit n^l5-mduced 
proliferation of T cells, antibodies to IL- 
2Rp inhibited all activities of IL-15, in- 
cluding the generation of LAK celb and - 
CTLs (Fig. 4B) and the proliferation of 
PHA-PBMCs (Kg- 4Q and CTLL cell* 
(Fig; 4D). AntOxxhes to IL-2R0, such as 
TU27, have been shown to neutralize IL- 
2-dependent T ccD proliferadon (such as in 
Fig. 4Q only when combined with anri- 
lL-2Ra (12). These antibodies to. IL-2RP 
consistently inhibit IL-15 more effectively 
than they inhibit IL-2- In fact, even anti- 
bodies like TUU, which do not inhibit 
IL-2 under any circumstances {13}* will 
inhibit IL-15, inggesting that IL-15 Irmdi to 
IL-2R0 differently than does IL-2. These 
data confirm that stimulation by IL-15 re- 
quires interaction of IL-15 with compo- 
nents of IL-2R, including IL-2t^ and prob- 
ably IL-2Ry, but not IL-2Rou 

Although some activities are shared by 
IL-2 and IL-15, there are also differences 
between the biobpeal effects of the two. 
cytAldnes. for example, the IL-3~depen- 
dent cell Hne, 32D (14), expresses the 
complete IL-2K and proliferates vigorously 
in response to.IL-2, but responded poorly or 
not at all to IH5 (Fig. 7). These data 
suggest that IL-15 may use another receptor 
component not jhared by IL-2R and not 
expressed . by 32D cells. Thus, there are 
likely to be biological activities of IL-15 not 
shared by IL-2. 
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Price at af.. Gene 55, 287 (1387)]. R&compena nl 
IL-15 was purified from the yeast sMpernatanl as 
described ebove for the CV-t-deriwed Q.*15 pro- 
tein, excluding u&raftflration end ton exchange. 
The purity and concenoafion of IL-15 **ere ccrv 



foTrtsd by amino acid enaryste. 

21. Human P8«C5 from orb donor <5 x 10 s par 
cuaure) were cu3wed wPt bnafi ated I PBMCa x 
* 10 9 par cuKure) (ram eShei an aStoganafc donor 

or bam tha euVngrnw domg (LAK) in 
cu^ines uunkdrtrtg vartous cuncerarelioTa of eV 
' ihsr 0.-2 or tL-io, or no cytaSOrtB. Cu&ees xtsn 
dons sb ctBscrtbsd pd. a Wttrtsr ef fit, J. 
A^ad.163, 1447nS87)]£rvjharvast3dausr6oay8 
(LAK) m 7 days CCTl) end assayed tor cy&ytc 
acCvSy agaSngt ot Cr-tebsisd tergota. T hftrystee e- 
aay conlajnsd vcrtoua nurnbsns of the rec^jUk&Tg 
psrfpttaral otood tympjxjcyces cuSunxJ vtSh 1080 
tebetsd tergste tn 200 pf of mso^um In V-baa ot rcd 
ttfsSs, and Gupsm&tBrcs voca ixCimtmi aftsr 4 
hours of fncubafiort LyCc unSs wareCBlcutettsd as 
tha trweree of Iha traction of O^responding culture 
required to gansrats SffH (CTV) or 30% (LAK) of 
tha maxoTun Epscific °*Or reJaft&S. 

22. bffii3i t^as p m tiuae d trom r^cnimlCcrp, Tokyo, 
Japan; TU11 end TU27 ware providsd by CC 
Sugsrnura Sendaj. Japan; 2A3 vres produced al 
bTrnurtSBt. 

23. C W.' Durtnstt, JL Am. SteL Assoc. SO, 1058 
(1855). 



24. AiarvaledPB^(f61v^lncubs^to2r^ 
in rnsd2um wflhout PHA or Q7W*h fartora. IL-15 
and (L-2 ulmlisj tssie csnfsd out d tor 60 
mJn h RFMt 1640 umaauti ng 3>& boviro serum 
aOJUTrtn end aiSS>N&NOL. tL-2 end 0.-15 cars 
rsdCstebsfed &a cfasofbsd 0- Ftofc ef at J^ffiat 
Cnsm 231. 4177 (1885)1 end ra aSnad J^eg icBj 
actfvQy. P wBnCnsj y expartmsnts estabSshsd 0th1 
equffibrtum bdttfiig taas GbtBtrtsd undsr Otsea 
concCStora (X <3rt end M. AMtoJ\ psreonaJconv 
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YTceO Era end csro providsd by Ifl- CeSgtu/l, 
RoswaO Perti Usnarfs! Cnstt&Ca. BuOsio, MY. 
28. We then* a a tuptoi end R J. Tusrtfnstd Car tha 
IMTLH C©0 fjrta* M. a Cwrami end O, P. Gearing 
tor ins GtfTLH COMA tftrory. T. Koffirtgsworth tar 
ONA Ecqusros cneJystj,*a JL fctercw and bd. 
Cerhsrt lor protsin estfusnee anaVsts, a Janytbr 
tha cGf^ctorcng ptearrtfd. J. Wng tor &o yas3t 
expressson construdL T. W. Teugn end L Ertdo 
son tor technical au AAa iu a . end M. a WWmar 
and M. (C ^priggo tor revistsing tha fnanuscripL 
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Mary Jane Shimell, Jeffrey Simon, Welcome Bender, 
Michael B. O'Connor 

In Dmsophila, the mtsoxpresslon or aRarsd ocsfivtty erf Qonos ^rom the tBthoraH ccmptex 
resiDls bt homsodc lraig>fmiimfons. Ona cJ thsse gsnss, abiM, nozmaDy spscifies tha 
IdenbVof the second through fourth ebdotnirtsJ s®gm®nts (A2 to M). tn th3 dcTTt^eAl 
r^pafaCKtom^m (Wa/^, ptrtions of tha third thoracic segment (T3) are tr&ns- 
forrmd toward A2 as tha result of ectopic abrM (SJipression. Sequsnce e^ysis and 
deoxyn!boriucleQS9 1 fbotpjiritrng demonstrate treat tha .iTB^&qpresston oJ etd-A tn two 
frui^jsmJant Hte& rrurtasions results from the sems singla bas® changa fri a birwflrtg sft& for 
the gs^ 9^ jCMpps/pmle^ Tttsse 
genes ere directly regulated by gap g&ne products. 



The establishment of conect segmerHa] 
kientiry in Drosopbok mdanogosor requires 
the proper function and expression of genes 
located in the antennapedia and bithnras 
cornplcm (reviewed in {J-3)|. In the bstho- 
rax complex y lossKjf-ftmction mutetions typ- 
ically result in rxansfogrnarinns of posterior 
segments toward more anterior races, where- 
as the ectopic activation of homeotzc genes 
along the wterior-pastetior axis produce! 
dominant, gaxrvef-foaion photot y pes in 
which anterior segments are transformed 
toward more posterior ideruiTics (4-6*). The 
initial .activation of homeoric gene expres- 
sion appears to be regulated by the segmexi- 
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taiion goto products (9—15). For example, 
nuitations in the gsp gene fotrtoSbfccIc (H?) 
result in an anterior shift of Vbx expression 
(12), whereas mutations in KiQppdy buipj, 
and gianf cause rrtrrpf T activation of A£d-B 
(13-/6). In several cases,* incornplete ho- 
meotic regulatory eleskcnts containing fib 
binding titss have been shown to confer 
spariaOy restricted patterns of gene expres- 
sion when positioned next to a LtfcZ reponer 
gene (SMJ). However, as a result of the 
large size of homeotic regulatory regions (50 
to 100 Mb), rite- precise roles of these indi- 
vidual elements within the context of a 
complete regulatory domain has remained 
elusive. 

We have studied the Hob-1 and Hnb-2 
mutBtions, two gah>-of 1 ^unction alkies that 
ectopicalry express the dW-A protein 
(ABT>A). The HcZ>-\ and Hab-2 alleles 
were discovered by £. E. Lewis and I. 
Duncan, respectively, and lewis ha* pro- 
posed that they likely afiect a horeeotic 
regulatory element \4 9 15). The Hob muta- 
tions cause dominant transfonriarioris of 
portions of T3 toward A2 ai a result of 
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Summary 

HFWoc/p, IL-12, and IL-15 regulate NK oeB activation 
and expansion, out signals triggering resolution of the 
NK response upon induction of adaptive* immunity re- 
main to be defined. We now report that 01-21, a product 
of activated t ceOs, may serve this function. Mice facet- 
ing IL-21R (IL-21 R"*-) had normal NKcell devefopment 
but no detectable responses to IL-21. IL-21 enhanced 
cytotoxic actfvRy and IFWy production by activated 
murine WK ceQs but ded not support their viability, thus 
ESmftmg their duration of act "rvetion. Furthermore, IL-21 
blocked IL-IG-induced expansion of renting NK cells, 
thus preventing the initiation of Curthor Innate re*, 
sponsea. ftn contrast, IL-21 enhanced the proliferation, 
IFW7 production, and cytotoxic function of CDS* ef- 
fector T oette in an stttogenefc MLR, These observa- 
tions suggest that IL-2D promotes the ^transition be- 
tween Ennata and adaptive bronunfty. 

Intiroductum 

. Innate Immune mechanisms shape the adaptive cellular 
responses that follow. Cn turn, adaptive immunity likely 
feeds .bach to limit ongoing Innate responses, but the 
mechanisms by whJob thts occurs are poorly under- 
stood. During acute pathogen Infections, the NK cell 
response begins within hours, as IFWa/p\ IL-12, &--15, 
and IL-1 8 generated by brfected celts stimulate NK cyto- 
toxicity, cytoWne production,' end expansion (Biron et 
a)., 1999). Along wflh enhanced effector function, the 
maturation of NK cells Is ultimately accompanied by 
tholr terminal differentiation. An emerging view fLoxa 
and Perussia, 2001) supports a sequential process of 
NK cell development in the human system resulting in 
generation of committed IR^producIng effector NK 
ceQs whose subsequent termfnaJ dirTenentiatton coin- 
cides with abatement of the innate response. Although 
cytokine regulation of initial NK ceD recruitment and 
activation has been intensive ry studied (Biron et at,, 
1999}> the signals responsible lor resolution of this re- 



. aponse remain to be defined. The concordance of de- 
creased NK cell responses with the emergence of arrti- 
gen-spedftc T celfe makes H Gkery that T ceD-denVed 
factors Influence the final steps of NK ceil maturation. 

IL-21 is a newry c^senbed cytoMris proc^csed by acti- 
vated T oells with effects that tnctude costimulation of 
T cell proliferation, potentiation of NK cell maturation 
from bone marrow progenitors, and activation of periph- 
eral NK colte in human assay systems (Parrfeh-Movak 
et oL, 2000), The cytokine Itself Is related to 0.-2. JL-4, 
and fL-15, and cellular effects are mediated through a 
class I cytokine family receptor, 0>21R (Parrtsn-Novak 
et aL, 2000; Ozatd et aL, 2000). 0.-21 R has homology to 
the shared p chafin of the HL-2 and IL-15 receptors (Ozak) 
et a) n 2000), Interacts with the common -y cytoidne re- 
cepeor chain fyc} (Asao et aJ n 2001), and appears to 
signal by association with Jakl (Ozaki et aL. 2000; Asao 
et aL, 2001) and Jak3 (Asao et ah, 2001), and phosphory- 
lation of STAT1 and STAT3 (Asao et al, 2001) or STATS 
(Ozaid et aJ n 2000). Although signaling chains other than 
7C have not been detected, the many functions of IL-21 
so far described, the widespread lymphoid distribution 
of its receptor (Parrish-Novak et al.. 2000), and indica- 
tions that coaxpression of 0.-21 R and tc, white neces- 
sary, may not be sufficient to mediate signaling in all cefl 
types(QzaJd et aL, 2000) raise the potenuaJ for additional 
receptor forms. 

To explore the role of IL-21 in regulating Innate and 
adaptive Immunity, two complementary approaches 
were employed. En vitro studies examined effects of 1L- . 
21 on NK and T lymphocyte growth and function, alone 
and in conjunction with 1L-1& Reciprocal studies done 
wan mice racking functional IL-21 R (IL-21 R"*") ad- 
dressed the influence of a lack of IL-21 signaling on 
bmate and adaptive immunity, IL-21 R~*~ mica had nor- 
mal lymphocyte cornpartrrarrts and no NK cell defi- 
ciency, cn unexpecte d fin din g giv en the previously 
described rob of TL-21 In human NK ceil mabrr&rtkm 
(Partsh-Novak et aL, 2000). Celts from these mice old 
not display any response to R.-21 detectable in these 
assays, Indudaig effects onTceS proSferstion, NK cell 
activation and expansion, and cytokine receptor expres- 
sion. Our flndcngs in the mouse reveei that Innate NK 
ceil responses and the cytokfne-drtven TCR^ndepen- 
dent outgrowth ofC D44 tt COS* T cotts were antagonized 
by IL-21 , whereas antigen -driven T cell activation In an 
allogeneic MLR was stimulated. As a product of acti- 
vated T lymphocytes that acts to Omit ongoing NfC ceH . 
expansion while promoting arrtfgen-spscrrte t cell-medi- 
ated immunity, IL-21 may be a key element rn the transi- 
tion between Innate and adaptive immune responses. 

Results 

Genesnation and Characterization of IL-21 R-'- Mice 
Wfce were marie genetically deficient in IL-21 R (IL- 
21R-*") as described in Experimental Procedures and 
outlined in Rgure 1A. IL-21 R-*- mice were vtabte and 
fertile and were bred on both BALB/c X C57BL76 
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FTgurel. Ftmctiowd I na ctKa tta n of the IL- 
21 R Gene " 

(A) Tho structure of th« wicMyp* rv- 
oombinant gene, and knodoout construct am 
shown at tap, rnJcdfe, and bottom, raspeo- 
tively. The knockout construct, constating of 
a neomycin reeis&nca cassette flanked by 
appj o jjria pi Bnhen lor homologous reoomfaV 
ration, was targeted to replace the H.-Z1H 
exonl sequence. 

^ and C5 Thymocytes botet^frt»n<B) wfld- 
type HC1 1 and 4513) or IL-21 FT*" f461 5 and 
4G161 mtoe or (C) lymph nod* c*Us pootod 
from wikHypo or IL-21 IT*- nsce were (nou- 
beted 3 days with modta {no cytokno), iL^i 
po U/mQ, or COS mock control on am>C03- 
coated plate*, and frfjthymkOmf fcoorpors- 
tton was assayed over dto that 5 nr.* 



and CS7BU6 background*. Adurt IL-21 R"*" mice had 
norma) numbers of peripheral .blood erythrocytes, 
monocytes, granulocytes, and rymphocytes (data not 
shown). Phenotypte analysis of T cell, B ceB, and mono* 
cyte populations- In spleen, lymph node, and thymus 
showed no significant differences between IL-21 FT'~ 
and wDd-type (data not shown). In the serum, 1^-21 R" /_ 
rnice were found to have approximately 3-fold lower 
levels of JgQ1 (p < 0.05), 2-fold lower levels of igG2b 
{p < 0.05), and 3-foW higher levels of IgE (p < 0.02) as 
compared to wild-type mice (data not shown). 

Because reagents are not currently available for de- 
tecting ceil surface expression of murine IL-21 R by pbe- 
notypic analysis, the absence of functional recejp-tor was 
confirmed by tack of 0.-21 responsiveness In cells Iso- 
lated from IL-21 R~*-' mice. In accordance with tho obser- 
vations of Parrish-Novak ot at (2000), IL-21 enhanced 
the proljferation of thymocytes from wild-type but not 
IL-21 H"^*" mice In response to suboptimal concentra- 
tions of antf-CD3 (Figure 1B). In addition, IL-21 was 
found to enhance arm-COa-fesporis^eness of rympft * 
node T ceOs from wild-type but not IL-21 R-*"" mtoe (Fig- 
ure 1C). These observation s^port the fur»cttonal inac- • 
tivation of the IL-21 R gene In IL-21R-'- mice. 

JL-21R-*- Mice Have Normal NK CeO Numbers 
and Display FuD NK Activation In Vrvo 
and bi Vitro 

Parrish-Novak et al. (2000) observed that IL-21 en- 
hanced the generation of NK cells from human bone 
marrow progenitors. To determine if a lack of IL-21 R 



affected the generation of mature NK ceOs, these cefls 
were quantrtatad In spleens of IL-21 mice. Results 
with mice on BALB/c X C57BL/B and C57BL/B back- 
grounds were indtetingutshabie. Both the percentages 
(Figure 2A) and the total numbers of NK cells (3.06 :£ 
0.76 x lOVspfeen for wikMype and 3.77 + 0.91 x 10V 
spleen for IL-21 R-'- mice) were equivalent. Indicating 
that IL-21 R~*~ mice had no intrinsic defect in the genera* 
tion of prumotypJcalry mature NK cells. 

Having established that IL-21 R - *" mice have a full 
complement of spleen NK cells, we next examined the 
ab&ty of these ceils to undergo activation tn vivo and 
In vitro. All functional studies were done with mice on 
the CS7BL/B background, unless otherwise noted. NK 
cote from IL-21 R"*~ mice were fully able to respond to 
poly fcC In vivo (Figure 2B) or iL-15 bi vitro IRgure 2G) 
with induction of rytfc acrtr^ thm indistinguishable 
from that found In NK ceCe from wikMype animals, TWs 
indicates that NK cetfe from IL-21R" 7 ' mice are fuiry ' 
responsive -to typical activating agents in vivo and In 
vitro, 

IL-21 Reduces IL-15-Mediated Expansion but Has 
No Effect on Activation of Resting NKCeHs 
In addition to erviancing effector function, IL-15 en- 
hances NK ceil survival and proliferation {Carson et aL, 
1997), and these effects were comparable using splenic 
NK ceils of wild-type and IL-21 R-^ mice (Rgure 3A). 
IL-21 alone did not support expansion of NK cells in 
vitro (data not shown). Therefore, to study the effects 
of IL-21 on N K ceB outgrowth, IL-21 was used In conjunc- 
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Figure 2. !L-21rT*- Mica (tave Norma) NK 
Cefl Number and Dfeptey FuB NK CeO Active- 
tton *t Vivo and Id Vftro 
(A) How cytmiiatite enaVsb at spleen lym- 
phocytes fiom w3d-type or 0.-21 R"*" mice, 
NK cefo, ttenffied » NK1.1VCOS-, are 



(B) WfkMype or IL-21 ft"*- mice were Injected 
LpL with pcOy tC or PBS control, and spleens 
were harvested 1.6 days later. 
fC) Spbsn cells boteied from wfkMypg orJLr 
M*r*- mice were treated In vftro with IL-15 
£0 rtQ/mO tor 7 days, Stan used es enactors 
h a 5 hr 6H> release essay against YAC-1 
targets. Cots ware pooled from 2-3 mica per 
group. 
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tton with IL-15. For wild-type but not IL-21 rV' cells, 
addition of IL-21 inhibited IL-15-medlated NK cell 
expansion In a 7-day culture (Figures 3A and 3B) but 
had no effect on total T cell numbers, which dropped 
~30% in these cytotihe-drfven, antlgorHrtdependent - 
cultures (Figure 3A). Similar findings were seen With IL- 
2-expanded cultures (data not shown). Kinetic analysis 
revealed that IL-21 Mocked U.-15^nedtated NK cell pro- 
Dferation throunhtjut the culture period (figure 3Q). 
Rather than shirting the effective dose of IL-15 tequfred 
for NK cell expansion, IL-21 blocked NK cell outgrowth 
over the entire range of IL-15 cencerrtrations to which 
"the NK cells responded (Figure 3D\ Thus. IL-21 limits 
outgrowth of NK cells in response to IL-15. 

To further examine IL-21 effects on NK cell activation, 
freshly. Isolated murine eplenocytes were cultured, for 
2^a^ys in trwprBsertoeof IL-21 anoVor IL-15 and tested 
for cytotoxicity against NK-eensrtive YAC-1 target ceils. 
In response to IL-15, resting NK cells from both wBd- 
type and IL-21 R~'~ mice became actively cytolytic (Fig- 
ures 2C, 4A, and 4D). In contrast, IL-21 did not promote 
.activation of resting NK cells (Figures 4A and 4D) and 
had no effect on cytolytic potential per ceO Induced by 
IL-15 (Figure 4A), although absolute NK cell numbers 
were greatly reduced in cultures cctfrtairong IL-15 + IL- 
21 (Figure 3A). Taken together, these results Indicate 
that IL-21 antagonizes IL-15-induced growth but not 
activation of resting NK cells. . 

IL-21 Enhances Cytotoxicity of Previously Activated 
NK Cells and Induces Their Apo ptosis 
Parrlsh-Novak et al. (2000) found that IL-21 stimulates 
cytotoxicity of human NK cells enriched by posrave se- 
lection from peripheral blood. Our results in the mouse 



appeared contradictory, as no activation of murine 
splenic NK cells was seen In response to IL-21 JFlgure 
4A). In an attempt to reconcile these observations, we 
reasoned that human NK cells, continuously challenged 
with enviromnental agents, may exist in a heightened 
stale of ectivatlon as compared to NK celts of a mouse . 
residing in a specific pathogen-free facility. Therefore, 
IL-21 effects were examined on NKceOs from mice that 
had been challenged In vfvo with poly l.*C to induce their 
airtivaiion. Cede harvested from mtoe treated wfth poty 
fcC or PBS control were ^stimulated forfc-3 days in vitro 
with IL-jfi, IL-21. or COS mock co n troLthen ass ayed for 
lytic activity, tri contrast to ha effects on NK cello from 
resting Tnice, IL-21 alone induced a high level of cyto- 
toxic activity In NK cells from pofy bOtreated mice (Fig- 
ure 4B). In order to determine whether heightened IL- 
21 responsiveness would also follow NKcel) activation 
m vftro, sptenocytes were cultured for 7 days with IL- 
15, then restfmutatedfbr2 days with IL-21, 0.-16, or the 
combination. In this case, restimulation with either IL-21 
or IL-15 alone greatly enhanced NK cytotofytic function 
{Figure 4C). Fleeutts shown In Figures 4B and 4C and 
other exparlmems^data not shown) suggest an additive 
effect of IL-15 and IL-21 on NK cefl activation, with no 
indication of synergy. CeOs from U>21R"*" mice dis- 
played tut! cytolytic activation wtth IL-15 but did not 
respond to IL-21 (figures 4D-4F). For these celts, IL- 
15 + IL-21 produced no greater activation than IL-15 
akma (F5gum 4F). 

In addition to mediating cytotoxicity, activated NK 
celts produce IFN7 In an IL-12-dependent manner. In 
order to determine whether IL-21 treatment of activated 
NK eels affected IFN7 production, spleen cells stimu- 
lated in vitro for 7 days with IL-15 were rechaltenged for 
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Figure 3. 0.-21 Prevents k>154nduced 

Expansion of testing NKCdls 

Spleen cells fromwOd4ype or 1-31 IT** mice 

were cultured tar 7 days «0i IL-15 (10 

in0 + CO8mockoortWarI^15-f IL-21 (12-5 

UArfL 

(A) NK andT oel subsets were Iderttttiad as 
NKf .1+/CD3T or NX1.1-/COS+, leepectivdy, 
by flow cytometry. Resists shown are aver- 
agos of '5-11 experiments* esch done wtth 
ry mph ocyte pootod from a-3 spteens fwflo> 
type, day 0 and treatsd, end 0.-21 FT*", day 
0} or wtth 9 *rtB> poo) of 2-3 sptoene (IL- 
21 R~*" treated). 

(B) Typical flow oytomebio analysts of ceib 
from wfld-typo nubo on day 7 of culture wtth 
IL-15 + COS mock control or IL-15 + H--21. 
NK cess .1**CD3-) ere boxed. ' 

■ (O Spleen oels were cultured with IL-15 (10 
ng/rre) In the presence of 6*26 U/mj IL-21 (A) 

. or bji equivalent voturns of COS mock control 
[•). 'At the time points i ndi ca t ed* the percent* 
age of MC cab piKl.1 VC03~} was deter* 
mined by flow cytometry. 
(D) Sptoon ooQg worn oulbaed wtth the kidl- 
oated conce n t ra ti on of IL-1 6 In the preeonoe 
of &25 U/rrt IL-21 (A) or an equivalent volume 
of COS mock control (e)L On day 7, the per- 
centage of NX eetts (NK1 .1 */CC3~) was de- 
termined by Dow cytometry* 
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2 days with IL-15 and/or IL-21. Treatment of activated 
NK ceBs with IL-21 greatry enhanced IL-12-drtven IFMy 
production, and the response was further potentiated 
by the combination of IL-15 and IL-21 {Figure SA). In 



addition to boosting IL-12-dependent IFN-y production, 
IL-21 treatment also resulted in hJgh levels of IFfty pro- 
duction in the absence of added IL-12 {Rgure 5A). In 
contrast, when eels from IL-21 rV~ mice were activated 
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Figured IL-21 Boosts NX Cytotoxicity ai 
Spleen CbOs Activated wtth Poly bC In vwo 
or IL-1 5 In Vitro but Does Not Indue* Activa- 
tion of Resting NK -Colts 
Resting cefls spleen celts befated from wOd- 
typo (A) or IL-21 fT^" (p) rnfoe were boated 
for 2-3 days wifii IU15 (10 ngAnO ♦ COS 
mock contra) (6>)fCOS mock control onry (O), 
IL-21 (12.5 UAnT) orvy (AL or (A) B>16 + IL- 
21 (AL Poly cC-actfvated eels: epJean ceos 
Isolated from wfkHype <E& or IL-21 R-*" pE) 
mice 1-5 days post Lp* admlni w I rel h B i of pofy 
fcC were cultured 2 days with the Indicated 
treatment KXlS-acbVated ceus: spleen oaOs 
Isotated from untreated wOcMype fC? or IL- 
21 Rr^ {f) mfee were cultured 7 days with JL- 
16 {10 ng/mO, then washed and reetbnutated 
for 2 days wHh the treatments as described 
above. Data are shown as mean £ SO of repo- 
cate wess In a 6 hr 51-Cr release assay 
against YAC-1 targets. Efntctontarget ratios 
wets corrected for the peraantags of NK1 .1 V 
CP3~ ceOs (n each culture, kfantmed by flow 
cytoinetry* 
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Figures. D.-Z1 Boosts IFNVr Production by 
IHe-Aothratod Spleen Cells bul Stocks Their 
Growth 

(A and B) Spleen ccistsototed from wfld-type 
(A) or tL*21 R^" (B) mice were cu tared 7 days 
with 0X15 (10 nymj}, then reetumaated for 2 
day* wtthlLMBpOno/rrf) + CCS mock con- 
trol (•), COS mock control onty P). (10 
ng/ml) + fcV2l (\ZJSWirQ (A), or 0.-21 f12-6 
U/mQonly ^^determination of fFh^ pro- 
duction, ccQb went washed free of cytokine 
end challenged for 24 hr *rth the thdfcatad 
conce rt itiatk*> of murine EL-1Z Data are 
chownasmtan ± SO of IFN*y levete tn rop^ 
cafe ctithre weSe. 

fpi CaB concent afione from cutture* acfr- 
vatad 7 days wtfh IL-15 and restbnutated 2 
or 6 days wtth the bidlcated buutnraant At the 
doses tndJested above. The NK ceS eonccn-. 
tration on day 7 of culture wiBi n_-T5 (p*ter to 
mstfrnutation) *** 4.1 x lOVmJ. 
{D) Apoptosis in spleen oefl cuttures «(- 
pandad for S days wtth U.-1S (1 0 ng/m(J and 
restirmdated for 1 or 2 days with agents es 
doscrfbed above. At each time point, celts 
were stained for surface expression of NKl .1 
and C09 and fcrtracelftrfar TUN EL. Data are 
shown for NK cafe gated as NX1.1*ACD3~. 



with IL-15, then challenged with IL-21, no enhanced 
spontaneous or IL-1£-dnVen IFNt production was found 
(Figure SB). 

Thus, previously stimulated but not resting NK celts 
showed strong Induction of cytototySc activity (Figures 
4A-4C) and IRfy production (Figure SA) when exposed 
to IL-21, Experiments using FACS-scrted populations 
of >95% pure NK and T ceOs confirrned that both activi- 
ties could be attributed almost exclusively to. NK cells In 
""these cultures (data not shown}. Interestingly, however, 
enhanced effector responses were not accompanied by - 
growth effects. Cultures of JL-16-stimulated NK ceBs 
that were rechaHenged for 2 days with IL-21 contained 
fewer NK calls than those maintained In IL-15 (Figure 
5Q.. Examination of these cultures after 5 days of chal- 
lenge confirmed that tt-21 not only failed to sustain NK 
viability but, when used In combination with IL-15, IL- 
21 reduced NK ceB survival mediated by that cytokine 
(Figure 5C). Thus, IL-21 boosted the effector functions 
of activated NK celts but did not promote their viability, 
such that although activity per cell was increased, their 
number was sharply reduced. 

Because of Its effects on viabXty, we examined the 
influence of 11-21 on NK ceD death by apoptosis trig- 
gered by removal of IL-1 5. The TUNEL staining method 
was used on IMS-expanded cuttures restimulated for 
2 days with IL-15, IL-21 , or COS mock control superna- 
tant- In cultures treated with COS mock: control, most 
NX cells were apoptouc within 1 day. Indicating that 
apoptosis occurs rapkfly upon withdrawal of IL-15. As 
compared to COS mock control, IL-21 delayed the apo- 
ptosis caused by removal of IL-16V Nevertheless, after 



2 days of restimulatlon with IL-21 the majority of NK 
cells In the culture were opoptotic (Figure 5D). Taken 
together with observations that cells In similarly treated 
cultures restlrnulaled for 2 days with IL-21 displayed 
high levels of cytotorytic activity (Figure 4C) and IFN7 
production (Figure 5A), these findings indicate that IL- 
21 Induces high revels of effector function in NK cells 
undergoing apoptosis, Restsnutotion with IL-15 + IL- 
2l..plso resulted in enh^rs^iiJ^c^l^fifeclor function 
(Figures 4C and 5A) but preverrted or delayed apoptosis 
(Figure 50). This indicates that apoptosis is not a neces- 
sary correlate of the 0.-21 -mediated ertanoement of 
NK ceB effector function. 



IL-21 Blocks IL^15-Dependent Expansion 0*0044* 
CD8+ TCR-lridapefiderrt T Cefls and T CeB 
Cytokine Receptor Expression 
In the mouse, IL-15 m the absence of a TCH signal 
induces proliferation of COB* T cefls expressing high 
levels of CD44, corresponding to a ■ri^emory" pbenotyp© 
(Zhang et aL, 1998; Sprent and Surh, 2001): In aocor* 
dance with this, IL-15-expanded spleen CDS* T cells 
from either wild-type or IL-21 R w ~ mice were skewed 
toward high-level expression of CD44 (Figure 67V). Addi- 
tion of IL-21 counteracted the expansion of CD44PCD8* 
T cells from wild-type mice but had no effect on cells 
from IL-21 rf" mice (Figure 6A). Because TCR-indepen- 
derttCD44"CD8 4 T cells are responsive to IFNy In addi- 
tion to 0.-1 S (Tough et at, 2001), expression of the IFN7 
receptor, CD119, was also examined. IL-21 also pre- 
vented the expansion of cells expressing this marker In 
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Rgtse 6. CL-Z1 Prevents 5-tmtuoed Expansion ct CD44" COB* T Cells 

Sptoen cafls Isolated from IL-21 R~*~ or mid-type mfcc {BAL&Tb X C57BL/S background) were euftured 7 days in IL-16 (SOngfrnQ + COSmot* 
supernatant or 11-16 + IL-21 (25 UAnfJ» 

|A) pes surface marker expression was analyzed on day 0 and on day 7 of culture, CD44, CD119. and CD132 were analyzed on aaJedCOa + 
CD3* ca&a, GDI 22 and C025 were analyzed on total COS* ceRs. Appropriate gates were wsU bashed u&ng three-color fiow cytometry. 
OB} Sphwn ceDs grown 7 days with IL-15 + COS mock supernatant or IL-15 + IL-21 were washed Ires of cytokine, then reptated wttfi e» 
Indicated concentration ©f U or 0.-19. frfjthyrnkftte Incorporation was assayed over 24 hr. 



response to IL-15 on cells from wild-type but not IL- 
21 FT'" mice (Figure 

To further examine IL-21 effects on the cytokine re- 
sponsiveness of T cells expanded with IL-15, we exam- 
ined CD25 (IL-2R ah CD122 (shared 0 chain of \L-2R 
and IL-15R), and CO! 32 he) levels on spleen T cells 
following exposure to IL-1 5 in the presence or absence ' 
of IL-21. Both CD25 and GDI 22 expression was In- 
creased upon IL-15 treatment of cells from wild-type 
'and IL-21R"*- mice. Addition of IL-21 prevented this 
receptor induction on T cefts from wild-type mice but 
had no effect on cells from IL-21 R~'~ mice (Figure 6A). 
Expression of yc <CD13$ was not affected by IL-21 
{Figure 6A). The decreased expression of receptor 
chains suggested that fn the presence of IL-21 the re- 
sponsiveness of splenic T cells to IL-2 or IL-15 would 



be reduced. In accordance with this, wild-type spleen 
ceils that had been expanded with IL-1 5 in the presence 
of IL-21 showed less proliferation In response to IL-2 or 
IL-15 than those maintained in the absence of IL-21/ 
Cells from IL-21 R"*" mice were unaffected by IL-21 (Fig- 
ure 60). Thus, IL-21 prevented IL-1 5-driven, antigen- 
Independent T cell responses, Including the expansion 
of CD44 N COS* cells and the increased expression of 
functional cytokine receptors. 

IL-21 Enhances T Cell Responses to AlloantJgen 
Having shown that IL-21 blocks the cytokine-driven 
expansion of NK cells and of arrtigen-independent 
C044 M CD8+ T cells, we asked whether IL-21 would 
have similar effects in an artigen-dnVen T cell response, 
using a mixed lymphocyte reaction system. Purified 
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Rgura 7, IL-Z1 Enhances T CoQ Pro CfaJdHun and Activation b) Ra- * 
epon&e to ADoantiaxn 

(A) T cell cmrichod popul ati ons from, lymph nodtco of wttd-typ& aid 
IL-21R"*" mtoa (BALB/o x C67BU6 background) waro cutturod 3-4 ' 
days «triX7i frr pdi ated a&ogenesc ept&en cells bi the preeanoe of no 
cytoMns. 0.-21 ftOUATT&Qrrxemccfecttntr^ 
Duration was assayed over the final 12 hi of oufiure. 
(BJ CbOs Isolatad from cu&ures of primary anogsnste stimulation 
„ ware assayed far cytotoiddty egsfinst oBogeneto tanjst ceOs In a 4 
hr51-Cr reteasa assay. Data are corrected for pardon tags cfCEJST* 
T oo By under each priming contfiS on. 

(Q production was assayed trom T cells "primecT as Indicated 
toOwfng a 40 hraoeondary Btimuteitoo wfth fresh aEDQanefa ep lacn 
cefls and no added cytofeSna. 



lymph nods T cells from wild-type or IL-21 R-^ (H-2 toW ) 
mice were activated for 3-6 days with Irradiated aDoge- 
nefc splenocyles (H-2*) In the presence of IL-21 "or con- 
trol supernatant. SImDarto results wfth anti-CDs stimula- 
tion (Figure 1C), IL-21 enhanced aJk» antigen stimulation 
of wild-type but not IL-21 R-'~ T cells (Figure 7A). T cells 
from both IL-21 end wild-type mteo exhaled en- 
hanced pmfiferation to aJIoantigen In the presence of 
IL-2 or IL-1 5 (data not shown) and thus have rto intrinsic 
defects In pesponsfvensss. Stimulation of T ceBe results 
in the devoJopment of effector functions, including CTL 
ectivfty and IFN7 production. Therefore, we compared 
thfr ability of IL-21 R~*~ and wild-type T cells to differenti- 
ate into allospecmc effectors in r e s po ns e to and 
related cytokines. For wild-type cells, IL-21 atone primed 
the development of altospecfflc CTL acthyrty. simBar to 



IL-2, IL-1 5. or 0.-1 2 (data not shown), but was not effec- 
tive with IL-21 R"*" cette. Therefore, IL-15 or IL-2 was 
added to generate sufficient numbers olcefisto perform 
these assays* T cells from wttd-typa er B.-ZIR-*' mice 
* primed with altoanfclgen and IL-15 dSeprrycd Btrong CTL 
activity toward altospecmc target cells (Pteure7B). Prim- 
ing En the presence of IL-1 5 + IL-21 foOtx enhanced 
the development of lytic ecth/tty in w«d-^jp but not IL- 
21 R-'~ cultures, irrttcatmgthat IL-15 and O^SI coopera- 
tively enhance CTL differentiation. SimifcT caouJts were 
observed when cells were primed In the przztxce of IL-2 
(data not shown). After priming with aJtogextOAPC3 and 
the indicated cytokines, wild-type or 0j-3$Cr+- T cells 
were restimulated, and rFWy production wzD^^arrnined 
as another measure of effector funcfea. CfBd-type 
T cells primed in «he presenoa of IL-21, aJorc^>&i combi- 
nation with IL-2 or IL-15, secreted higher t^XJof IFN7 
compared to those primed with IL-2 or IL-S&£sns (Fig- 
ure TC). Taken together, these results suzZZO Owrt IL- 
21 enhances in vitro T cell responses to cfiac^gen in 
primary stimulation and results In the generctfioTi of more 
potent effector T ceils. 

Discussion 

In this study, we have defined a role for IL-21 in the 
maturation and starvation of HK and t cell responses, 
IL-21 was found to inhibit the (L~1&dependent expan- 
sion of both resting NK cells end those that had under- 
gone prior stimulation. On previously activated NK ceBs, 
IL-21 feBed to sustain vfebiBty but triggered a burst of 
cytotoxicity and iFW-y production. IL-21 also blocked 
the IL-15-drtven, TCR-trtdep&mSent expansion of CD44 W 
CD8* cells, In contrast, ILt21 enhanced proliferation, 
cytotoxic activation, and IFN7 production by antigen- 
specific T ceJte. None of these effects were seen In IL- 
21 rV~ mice, confirming the requirement for this recep- 
tor chain in mediating oeHutar responses to IL-21. 

IL-21 R~*~ rroce had normal numbers of mature periph- 
eral NK cells, capable of full ectrvation. This result is 
surprising En view of findings by Pa/rtsh-Wovah et el 
(2000) that' IL-21 pctentiaWlCT^^hd FHSL^nduced 
NK cqI) expansion from protpenrtors in human bone mar- 
row. Indeed, a role in cell dsvetopmartt would be 
drrficutt to peconcite with ejertjvated, maturs T ceBs bslng 
the only known source of IL-21 (Perrish-Novak et aL, 
2000), as the rrtaturation of WtC ceQs in T ceil-defloient 
amymic (Nassiry and Miter, 1987), RAG' 7 " (ShtnkaJ et 
al., 1 992), and SCIO (Dorshkind el a)., 1985) mice arguss 
against any critical requirement fora TceUicierived fac- 
tor In NK cell developrnerrL Previous studies have shown 
that mcce rendered denccent In GL-16 (Kennedy et aL, 
2000) and its receptorcornponents (Di Santo et a!., 1 995; 
Suzuki et aL, 1997; Lodolce et eL, 1998) or FK3L (W2c- 
Kenna et aJ M 20C0) have profoundly reduced NX cell 
numbers, underscoring the critical role of these agents 
in NK ceU devetopmenL Other cytotdnes, U.*? and ckjt 
Hgand (SCF), play an auxiliary role. Both can synergse 
with Frt3L to drive NKceD deveJopmerrt from bone mar- 
row progenitors bi vitro (iWuertch et aL, 2000; toozek et 
aL, 1986) or when adminJstared in vivo (Fehniger et al., 
1997), tout mice lacking IL-2 (Kundig et aL, 1993) or exit 
(W/Wv mice) ^Seaman and TaJal, 1981; CofuccJ and Di 
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Santo, 2000) have NK cells, albert at reduced number 
and activity. Vosshenrlch and Di Santo (2001 ) have spec- 
ulated thai because IL-21 R utilizes 7c (Asao et a)., 2001) 
and because mice tacking 7c have an even more pro- 
found reduction In NK call numbers (DI Santo et aL, 
1996) than those lacking lL-15Ra (Lodolce et al., 1998), 
IL-21 could be a key factor in promoting NK cell develop- 
ment in vivo. Although we cannot rule out a rote in human 
NK cell development, our finding of normal NKceJI num- 
bers and fun cytolytic potential In IL-21 R~'~ mJce inoV 
cates that IL-21, acting through this receptor chain. Is 
neither gsserrual nor regulatory for NK ceO maturation 
in mice. 

Nevertheless, B>21 was able to influence NK cell via- 
bility and function, In « rrnnnerthat dlscrimtriated be- 
tween resting and activated cells. Although RNase pro- 
tection analysis confirmed expression of IL-21 R chain 
transcripts Irvbot)^ (pasting e^d^ecuvsted NK cells (data 
not shown), IL-21 enhanced effector function only when 
used to restfmutato NK ceBs following their Initial activa- 
tion in vivo wtth poly I :C, or in vitro with IL-1 5, In contrast. 
It- 21 inhibited the IL-1 5- mediated expansion of NK cells 
under aJl conditions tested. In this regard, IL-21 is dis- 
tinct from the related cytokines IL-2 and IL-15, both 
of which are able to induce proliferation and cytolytic 
activation of resting NK cells (Carson et al., 1997; ton- 
don et a)., 1988). CeJJs from IL-21 fT*" mice were fully 
able to undergo initial activation in response to poly l:C 
in vivo or IL-1 5 in vitro but showed no enhancement' of 
function upon restimuSatlon with IL-21. The ability of 
IL-21 to enhance effector function only of previously 
activated NK cells may reftsct differential expression of 
alternative. IL-21 receptor chains, signaling molecules, 
or receptor-induced transcription factors upon initial NK 
cell activation. Although the basts tor the differential K-- 
21 responsiveness of resting versus activated NK ce9s 
remains to be determined, the potential of IL-21 to dis- 
criminate between them may be important in yfvo. A 
recent report by Yokoyama and colleagues showed that 
murine NK cells responding early in the course of virus 
Infection are activated nonspea*5ca0y, whereas those 
that persist late into in fe ction require more specific acti- 
vation signals (Dokun et aL, 2001). The selectivity of Q> 
21 'for WK ceBs that have undergone an infual response 
could be one mechanism by which those cells that per- 
sist lata Into Infection continue to receive activation sio/- 
nals, while the ability of IL-21 to block expansion of 
resting NK ceils cou!d be a mechanism to prevent turthar 
recruitment of resting NK cells to the response. . 

For both resting and activated NK ceQs, IL-21 alone 
did not sustain viability, and blocked survival but not 
cytotoxicity induced by IL-15, The observation that 
growth inhibition was absent in IL*21R~'~ mice argues 
mat IL-21 R is required to mediate this effect. Because 
IL-21 blocked NK ceD growth in response to IL-2 as wefl ' 
as IL-1 6 (data not shown) and all three cytokines utilize * 
the 7C receptor chain (Asao et aL, 2001), one possible 
explanation is that IL-21 blocked growth effects by com- 
peting for a limited pool of -yo. receptor chains. This type 
of inhibition should be overcome by addition of higher 
amounts of IL-15. In our experiments, however, IL-21 
blocked NK cell outgrowth at all doses of IL-1 S to which 
the NK celts responded, Inconsistent with a model of 
simple competition between IL-21 and IL-15 for 7c chain 



interactions. An additional possibility is that the proapo- 
ptotfc effects of IL^21 prevaB over the growth^prornotmg 
effects of IL-15, even though the pathways leading to 
apoptotlc versus growth signals are separate, as (has 
been outlined for EL*2 effects on T cells (Van Parijs et 
al., 1999). 

Following an initial activation event in vfvo or in vitro, - 
subsequent chafiertge with IL-21 greatly enhanced both 
NK cell cytolytic activity per cell and FW7 production. 
This turectjorcai activation is necessarily transient, be- 
cause even as IL-21 promoted NK cell effector re- 
sponses, H antagonized viabfl'rty. When exposed to IL- 
21, activated NK cells underwent epoptosis within 2 
days. GSven the rapid, potent, and retaSfvety nonspecific 
nature of their responses, there Is a dear bioiogic&l 
- imperative to have control over expansion of NK cells. 
This normally occurs during the course of an immune 
response when abatement of NK ce9 activation coin- 
cides with the emergence of arU)gen-spec£fic T ceDs 
(Biron et aL, 1999). While inhibitory receptees can pre- 
vent inappropnate activation, few agents have been de- 
served that reduce NK ceD proliferation once it has 
been initiated. The T cef l-dependent release of TGFfJ is 
one such mechanism <(5u el al., 1993), but ctee/ty others 
exist {Pierson et aL, 1 993). Recently, Loza and Perussia 
(2001) have demonstrated that human NKcalb undergo 
stepwise maturation Orom IL13-produclng (FsEC2)to IFTVry- 
producirtg (NK1) effectors, whose activation is followed 
by terminal cflffererrttation and apopfosls. feneration of 
IFN^-producing NK cells was stimulated by the mono- 
cyte-denved factor, IL-1 2, and slowed by the T cell- 
derived agent, IL4 (Loza and Perussia, 2001 ), suggesting 
the possibility that emergence of activated T cells feeds 
back to limit recruitment of NK cells into the immune 
response. Our findings with K.-21 , erKrthsrTcefl-dertved 
cytokine, suggest an additional (mechanism whereby ac- 
tivated T oeUs may influence NK cell maturation. By 
blocking responsiveness of NK cells to the growth-pro- 
moting effects of IL-15 wh2e acting as a potent IFW7 
Inducer, IL-21 may be a key regulator of NK ceil furtc- 
ttona* status by promoting the terminal steps of NK cell 
maturation. 

Antagonism of IL-15 function was also apparent In 
IL-21 effects on C08* T cells expressing a merroory- 
associafed phenotype, CD44". As described by Sprent 
and colleagues, a small percentage of cefle which can 
respond to IL-1 5 in the absence of TCR signaling arises 
following contact with antigen in the mouse and persists 
in vivo laths absence of ongoing antigenic stimulation 
(Zhang et. a)., 1999). Treatment with IL-1 6 in vivo or in 
vitro sefisctivery induces proliferation of C044 w CD8+ 
T ceAs in an a/rt^en-nonspecifvc manner (Sprent and 
Surh, 2001). Although cells with this phenotype initially 
arise primarily following encounter with antigen (Sprent 
and Surh, 2001), their subsequent! TCft-independent, 
cytokine-fnediated reactivation displays functional 
characteristics allied with the In rote Immune response. 
They undergo bystander proliferation In vivo in response 
to type f interferon or pory l:C (Tough et al., 1 996), expand 
within the first 2 days of virus infection (Turner et aL, 
2001), proliferate ^ response to LPS administration 
(Tough el aL, 1997), and produce IFN7 In vfvo within 
hours of bacterial infection {LertmemongfcoJchaj et at., 
2001). In our studies, addition of 0.-21 inhibited the IL- 
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15-mediaAed In vitro expansion of CD44 M CDS* T cells 
from wild-typo but not IL-21R~ / ~ spleen. It has yet to 
be determined whether thts decreased expansion Is due 
to prevention of IL-IS-induced proliferation or is a pro- 
apoptotJc effect of IL-21 stmflar to' that of IL-2, which 
may override the growth signals of IL-1 5 to induce epo- 
ptosrs in T cells (U et al. f 2001), Including CD44 M €08+ 
T ceils (Ku et aL, 2000). Decreased IL-1 5 responsiveness 
ot CD44»C08* T cells mediated by the T cell activation 
product, IL-21 (Parish-Novak et al., 2000% may be one 
mechanism whereby cytoknie-ottven •"bystander* T cefl 
proliferation Is reduced once specific immunity 
emerges. A recent report that 0044* CDS* T cells un- 
dergo apoptosSs-mediated attrition upon induction of 
TCR-medlated anti-viral immunity In LCMV Infection 
{McNalry et al, 2001) is consistent with this hypothesis 
and suggests a role for IL-21. 

Whereas IL-21 failed to export expansion of either 
NK cefls or cytoWne-activated, TCR-independent CD44 b 
CD6 + T cells, it delivered a potent TCR-d&pondent ac- 
cessory signal for T cell responses to alEoantigen. Both 
the allospecitfc profiferation of freshly Isolated T cells 
and secondary effector responses, including cytotoxic* 
ity and IFM7 production, were stimulated by IL-21. Po- 
tentiation of TCR-mediated responses was also appar- 
ent In the enhanced proliferation of both thymic and 
peripheral T cells in response to suboptirnal concentra- 
tions of arro-CD3 with 1L-£1 . To underscore the essential 
role of IL-21 in these costimulatory responses, cells from 
IL-21 R"'" mice were used in an allogeneic MLR and did 
not display IL-21 -mediated potentiation of allogeneic 
T cell responses. Wh3e this might indicate Chat IL-21 R"*" 
cells are somehow impaired In antigen specificity or in 
interaction with APCs, the finding that these cells had, 
full lytic capacity against allogeneic targets u m i fuins 
their antigen-recognition potential. These observations 
Implicate IL-21 as a potent inducer of effector 
mechanisms In response to allogeneic stimulation and 
suggest that In the presence of IL-21, the expansion 
and effector mechanisms of antigen-specific T cells 
would be greatly enhanced, even as WK and antig&n- 
- nonspecific T cell responses were.diminlshed. 

In summary, these studies show that IL-21 R is not 
required for the development of NK cells in the mouse, 
but Is necessary to mediate at) NK cell and T cell re- 
sponses to IL-21 that were examined.- IL-£1 reduced 
survival of both resting and activated MK cells, even 
whBe promoting the effector function of those NK cells 
that had undergone irtrbaJ activation in vivo or in vitro. 
IL-21 also inhibited the pforrferatlon of TCRnrtdependent 
CD44 W CD8 + T cells In response to IL-1 5. In contrast, 
it provided a potent accessory signal for arro-CD3 or 
antigen-dependent T cell proliferation and effector func- 
tion. During the course of an Immune response, the 
development and motfttrauon of antigen^specincTceUs 
coincides with diminished innate responses. This transi- 
tion, which Involves a decrease in NK ce£l numbers and 
concomitant T cell expansion {Biron et aL, 1999}, may 
be initiated by the presence of activated, mature T cells- ' 
As a product of activated T cells that functions to aug- 
ment antigen-specific T cell responses while antagoniz- 
ing NK ceo survival. IL-21 may be a key facilitator of this 
transition. . 
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Tcrpatfitg tho lL-£lR<&na by KomotogouB Recon&nc&M 
and Gsnerntfon of FU21R~ / " Cfib» 

A 400 bp Sphl/EcpRV cDMA togrcarrt ol Q^-ZIR oonasporettnQ to 
* . 6' coding regions f&a 2-135) toss uoed os a probo to screen a 
Stratagem (Lo JoQa, CA) C57BUB mouse Bvar genomic Bbrary for 
tta IL-2W geno. Four chmej wsro teotated from ecrocning 1 x 10 5 
colony fonrung units. Ona dona oT cppraidmfft©^13hb was paiitKiJy 
sequenced and found to contain two axons conoapondlng to tha 
signal frequence region of murine CL-21R. Tho first tesxter otton 
' {MV^^VAALUXJLKG) t«» targeted for dcfcruon by reptecmg B 
wfOi a num n ycli i reastanoe camatte fRgura 1A). A 3-8 ftp Petti 
fragment S' to the flrel feeder Bawl end a 2.0 bb Scct/HIntfS brtnmte 
fregnrtznt 3 ' to tha finrt terrier axon we» Egatod, 5' and 3', respec- 
tively, via Qrtkere (Avr2/Ww1 end BamHl/Seol) tp the 1.1 W) Xho/ 
Barn noomyctn cascstte and cubo tans d Into pTKfSJQ, 

fL-21R"*" mico waro sanerotBd- by tuigafc i u , the &-21R can© In 
ths J12 embryonic stem ce& una {CB7BL/6 origin), tnjeotlng donas 
into p tegt ocysto, and transferring to paa udop fcgnant B3CBA Ft 
females. Resulting male cnimeros irereorcd to BVU^c females, and 
offspring analyzed by PCR and Southern bfottxng for germflno 
transmission of tha mutant ettsSaa. WJco hetsroxygoua for the JL- 
21 n mutation pL-21H^*) wcn> I ntenmw d to ywU homozygouo 
offeprtrtg O^nR"^) cm the BAL&Zc x CSTBl/B badesround and 
gubftequcntty bred onto tho C&7BL/6 background. The tec* of IL- 
2lR ejepresston tn fL-Z1R"^~ mice web confkmsd by PCJR anaJyate 
using total RNA tootated from taS btocda end an&Jyscff of ampGnad 
prooVctB by Somhem toot Mfee on lha Bnlfi/c x C&7BLA3 bxek- 
ground tvom used tor Initial chansctamzation and those on ths 
CS701/B bacfesround were used fbrftmcilond studies, unlets 
wi&e rtotcd. Data gto prasznt&d for mixta c^od bstvreen 8-1 2 vrceks. 

tkfiurinalL-31 

The 441 bp coding region of mIL-21 cDNA encoding a protein of 
146 amino adds (Pantsh-Novcfc et aL, 2000] was hearted Into tha 
COS-1 OKpraoalon vector, pSQAc COS tffinafactanbi were groom 
tn Dasm contatntng 10% PBS En 10& CO|. CcBo vara placed tn 
eerum-free DMByj for SO hr po^-trtmcfection and ILrCl containing 
supernatant wag coPsctgd 24 end 48 hr taty. The <H4*inmtant was 
cortcentratedSOX by Amtaon CWjaUai i.PaygF and HJTfAtMaro added 
to prevenl pmtsotyGta. Ona unS of cxtrvtty wea donned as the 
concontralioft of eupematcra required to enduca IS0% iiuudineJ p/ofif* 
erauon oT Be/F3 oaUa tramfected vrtBi a>21R. When tested tn the 
absence of exogenous 0,-3, prorffenuxon of thaoa toi facta nto b EL- 
Z\ dvpand&nt. Moctc-trenEfeotsd OOS oupomatanl prep ar ed and 
ooncentrated tn paraltsf vrtth IL-21 woa used eo o-controL 

DOC CeO /u^Svcnkm tn Vtaro ~ 

Sptoen cot) suspensions were iLgpkted of RSC otth ammonium 
cWoitd© end pteted in RPMI contnWng 1 0Sfe 50 UAtd penicISm, 
50 »ioAnl atrap^omycln, 2 mM L-^Utcmmo, . end SO |xg/ml 
B-fnercaptoethamu «9ith 10-SO ng/mJ rdcanibtnant human EL-IS 
(R&D Systems, Wmncspofta, lb9MXl2^5 U7m) Mw m u blnunt mouse IL- 
.21, or en equal voiumj of COS mw& oontro) oup w i Mlaraj Thfa dose 
Of IL-21 had been ohown to havo maxima) ectMty tor ths trrhfWtton 
of NIC oeff outgrotytrt (datt not ahbwnV CsSb ware cufturcd fit 9% 
CO> for 7 dayOk tvith a second doae of 0.-18 and IL-Z1 or COS moch 
conboi added 00 day 4, On day 7, nonadherent end adherent ce8s 
were essayed for cytoiaszcity, CF>Sy productfcx\ arcoOourfeoar pha^ 
notype* 

NK- Ce3 Acbvothm In Vtwo 

Wftco warn ejected Lp, «rith 0.16 mf PBS uu» 1bh tf ri g 1 rngAnl poly 
bwabvp-^ratycytidyJlc ecid (poJy fcC; SlgmnJ or PBS ccrttroL SpSeens 
were harvested 1 J& days terter, and ceJtowre used InoSl-Crrcteaso 
ass sy against YAC-1 targata. 

tSi CytosouiJiy 

YAC-1 tergat ceQa Uunerfsan Type Culture CoQcction, Manassao, 
VA} tvem incubated for 1 Otr vmn eodasn Sl-chmroto (20 pCW » 
. 10 9 osDa; Nbct Gnglend Kuctesr. Boston, &AJl wctfpd, and ptated 
with effector oaCs d the Indicated eCbctortargat ceD ^T) ra&x 
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After 6 hr Incubation at 37*0, eupernatants were harvested, and 
radloactMtywas determined In a y counter. Maximum rcfiease was 
determined by tysmg YAC-1 target ceOs wtth THton X-1 00. Spontane- 
pus release dstermtnad as 91 -Cr released Into 0>e supernatant 
of YAC-1 targets Incubated tn the absence of effectors. Percent 
specific lysis was calculated according to the formula: (test - spon- 
taneous retzsaeypotB} spontaneous release) X 100. 

IFWy Production 

Spleen cette treated with Q>15 or IL-21 as described above were 
washed end restated at 5 X lOVmJ for 24 hr wtth the Indicated 
concentration of rocombfoant murine 1L-12 [Genetics mstituta, Canv 
bridge, MA). IFWy levels were a ssayed by Quonolune moose tFNy 
EUSA hit (R&D Systems; detection Omit ■» 10 pg/mf). 

Thymocyte ProUforaoon 

Stngb-c©0 thymocyte suspensions Brero cultured In DME containing 
10% FBS, SO uYrnl penfcflBn, S0^fl/nJ tbuuhm ry Uj i, 2mM L-ghrto> 
irdne, and 50 p.gjrr& B-mercaptoethanoL in the presence or absence 
of 25 Uftnl IL-21. Cefla were plated at 2 X lOVvmD In 8S-w«p ftet- 
bottom plates coated wtth 1 ng/ml am£cD3 0nAb 2C11; Pftar* 
Mlneen). On day 3, outturns were pulsed wfth 0.3 uCl/Wl [ J HJthynrf- 
dlno (Amersham Btoscfancos, Plscatsway, NJ) and harvested 6 hr 
latar onto glass flbar fitter mats. pHJthymldine tncorponation was 
determined by nqu)d edntUatlon counting, 

Mtaed Lyrnphccyte R&cc&oo 

T oaDo were purified from rymph nodao of wOd-typo or rL-2lf* - *- 
mice using negative defection columns (RAD Systems). For primary 
pre/iteration essays, T cells (2 x ICTrnQ wore cultured tn 96-wcD 
ptat&ti costsd wtth 1 ftg/rri ant*-CD3 (mAb 2C11, Phaim?ngen) or 
with eyytraxjcyte-dspteted, irradiated B10.Br splenocytes <3 x 107 
mf) and the indicated cytokine for 3 days, then put? ed for 12 hr wtth 
1 ^afr^hyrnioTn^ toe#Tw=tor 

(5 x loVmQ were primed wtth erythnjcyt^-depfcted, eradiated 
BIILBr antenocytea (2 x loVmO In the preseno* of the Indicated 
cytokine* rWL-2 (20 UAnJ; RAD Systems), rm IL-21 M0 IVmO, or an 
eojuntatent volume of COS mock contn^supernsttmx After 6^7 days, 
cells were hanmstad, washed, and used tn a A hrCTL assay with 
B1 0.Br or syngeneic spleen blasts as target oefo Tr» sptenlc blasts 
prepared by 48 hr treatment of eiythrocyte-depieted splenocytes 
wtth 10 jig/ml LPS and DX5 {Stoma}. Pwcem specfficy lysis was 
calculated as for NPC cytotoxicity. For \FHj production. T calls 
•primwT with atoanugen end ^ tndlt^d cvtoKiras v^to washed, 
counted, and restlrrruhted (2^ x l0Vm& wtth Irradiated BlOSr 
aptenocytes (t x 10Vm!> for 40 hr. Supernatant* were assayed for 
IFNy tevets by EL1SA {R&D Systems). 

Flow Cytometry end Quantisation of Lymphocyte s^yrt ? 
CeOs' were resuspondad (n PBS c o ntain in g 1% B&A and tnoubated 
J5 nun at 4"C wWi Fc block (PharWingzn), foIkrwedt>y btotfnytafced 
antibody to various csD surface markers or appropn^ Isotyp* con- 
trol (PtwiWangwd. CeOs were vfashsdm ft^ sanie buffer, then sicu* 
bated 1 5 mfn at 4*C with the Qpprepn^rTTC^abolsdorFcMabeied 
antibody to oeO surface marfcor* or tsotype control (PharMinnen) 
and- sfreptavfdin-Red 670 (Gfbco Ufa Technologies). Fluorescein 
TVNELstslrdngwa&pertomisdudn^ 

KR {Roche Diagnostics, Mannhssm, Germany). Analysis was psr- 
fcrmsd on a FACSoan wfth CeftCuest software (Becton-Dicklnson, 
San Jose, CA). In aH casos, viabta cells ctbtb gated bas«d on fortyard 
and side scattBr. For quantitation of various oeO subsets, tfm per- 
centage of c&Qs In that subset was determined by flow cytometry 
and mulb'pCsd by tha total number of lymphocytes per culture. 
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Pharmacokinetics of recombinant human interleukin-2 in advanced renal 
cell carcinoma patients following subcutaneous application 

G. I. Kirchner,' A. Franzke, 2 J. Buer, 2 W. Beil, 1 M. Probst-Kepper, 1 F. Wittke, 1 K. Overmann, 2 S. Lassmann, 2 
R. Hoffmann, 2 H. Kirchner, 2 A. Ganser 2 & J. Atzpodien 2 

1 Institute for Central Pharmacology, Metizinische Hochschute Hannover and 2 Department of Hematology and Oncology, Mcdizinischc Hochschute 
Hannover, Hannover, Germany 



Aims The aim of the study was to investigate the pharmacokinetics of recombinant 
human interleukin-2 (rhlL-2) in patients with metastatic renal cell carcinoma 
following different subcutaneous (s.c.) administration regimens. 

Methods RJiIL-2 was administered subcutaneously to 10 patients according to two 
different dosing regimens: group A received 20xlO A IUm -2 once daily and 
group B 10 x 10 6 IUm" 2 twice daily (every 12 h). Additionally, in all patients the 
influence of soluble interleukin-2 receptor (sIL-2R) on the pharmacokinetics of 
rhIL-2 was investigated. 

Results The mean area under the serum concentration- time curve to 
24 h (AUC(0,24 h)) was 627 IU ml" 1 h in treatment group A and 11 30 IU ml" 1 h 
(P = 0.029) in treatment group B. In both study groups C max and AUC(0,12 h) 
were not significantly different. Seventy-two hours after the beginning of s.c. rhIL-2 
therapy the sIL-2R increased significandy (P= 0.016), and sIL-2R levels over 
1200 pmol l" 1 seamed, to reduce the AUC. 

Conclusions In patients with metastatic renal • cell cancer administration of 
20 x 10 6 IU m~ 2 of rhIL-2 s.c. in two daily doses (10 x 10 6 IU m~ 2 every 12 h) 
provides better bioavailability and is preferable to the single dose administration. 

Keywords: interleukin-2, pharmacokinetics, soluble interleukin-2 receptor, subcutaneous 



Introduction 

The use of recombinant human interleukin-2 (rhIL-2) has 
been recommended as the best current therapy for advanced 
renal cell carcinoma [1, 2). RhIL-2 was found to exert its 
ami turn our activity via indirect effects on the immune 
system, including the activation and expansion of cytotoxic 
T-lymphocytes and natural killer cells, and the secretion of 
. secondary cytokines such as interferon-y and TNF-o [3, 4]. 
The immune modulatory capacity has been described for 
the i.v. administration of high dose rhIL-2, which was 
associated with severe adverse effects, including capillary 
leak-related weight gain, hypotension, malaise, fever, and 
chills. Subcutaneous (s.c.) rhIL-2 at doses far below the 
maximum tolerable dose is therapeutically effective while 
treatment-related toxicity is reduced [5-7], The pharmaco- 
kinetics of intravenously and intramuscularly administered 
rhIL-2 are well known [8—10], but only limited data on the 
pharmacokinetics after subcutaneous administration are 
available and information on the comparison of various dose 
regimens of s.c. rhIL-2 is lacking. 

During systemic administration of rhIL-2 in humans, 
elevated soluble 1L-2 receptor levels have been found [11], 
The soluble 1L-2 receptor (sIL-2R) differs from its mem- 
brane-bound counterpart with respect to size, binding 
capacity and ligand specificity. The soluble form of the 
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human 1L-2 receptor is a glycosylated protein with a 
molecular weight between 35 and 50 kDa [12]. It binds to 
IL-2 with low affinity (K d :10 nmoll -1 ) which is compar- 
able with the affinity to the membrane bound a-chain of 
the IL-2- receptor [13]. The oc-chain is expressed on activated 
T cells which combines' with the (5- and y-chains to constitute 
a high-affinity IL-2R with a lOOOVfold higher affinity to 
IL-2 than presented by the sIL-2R [14-17]. It has been 
hypothesized that the competition between the membrane- 
bound and the soluble receptor for IL-2 causes inhibition of 
IL-2 dependent mechanisms. However, so far, no data are 
available on the influence of sIL-2R on IL-2 
pharmacokinetics. 

The present study attempts to provide a more detailed 
analysis of the pharmacokinetics of subcutaneous rhIL-2 in 
patients with metastatic renal cell carcinoma comparing 
different dosing regimens. In addition, pharmacokinetic data 
of s.c. rhIL-2 were analysed in relation to different" 
concentrations of the sIL-2 receptors. 

Methods 

Patients and treatment 

The study cohort consisted of 10 patients (mean age 56 + 9 
years) treated at our institution with histologically confirmed 
metastatic renal cell cancer in a clinically progressive stage; 
all patients had a Kamofsky performance status >70%. No 
chemotherapy or immune modulatory therapy was per- 
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formed for at least 4 weeks prior to this protocol. After 
obtaining written informed consent patients were treated 
with s.c. rhIL-2 (Chiron, Emeryville, USA). Two different 
priming doses of rhIL-2 (1 IU = 2.916 pg) were administered 
in the first week of therapy on 3 consecutive days: seven 
patients (mean age 58 ±8 years; mean body weight 
71 ± 1 1 kg) received 20 x 10* IU m~ 2 rhIL-2 s.c. once daily 
(group A) and three patients (mean age 50 ±10 years; mean 
body weight 69 ± 1 2 kg) received 1 0 x 1 0 6 IU m " 2 
rhIL-2s.c. twice daily at a 12 h interval (group B). This 
study was approved by the institutional ethical committee 
of the Medizinische Hochschule Hannover. 



Sampling 

Patients' sera were obtained and stored at -20° C until 
analysis. The samples for rhIL-2 determination were collected 
immediately before (0 time) and 0.5, 1, 1.5, 2, 4, 6, 8, 10, 
12, 14, 16, 20, 22 and 24 h after rhIL-2s,c. injection. 
Additional sera were prepared for the determination of the 
soluble interieukin-2 receptor concentration prior to rhIL-2 
injection and at least every 4 h during 24 h in all 10 patients. 
Concentrations of rhIL-2 and sIL-2R were determined in 
two patients of each treatment group during 3 days of 
treatment and in one patient of each treatment group during 
2 days of treatment. 



Interleukin~2 assay 

To assay the serum concentration of rhIL-2 a commercial 
standard cytokine ELISA kit (Medgenix, Ratingen, 
Germany) was used and performed according to the 
manufacturer's guidelines. Standard samples, which were 
contained in the ELISA kit, were used. The lower limit of 
quantification was 0.5 lUm!~\ A three-run validation was 
performed to verify the precision and accuracy of the assay. 
The precision was expressed as the coefficient of variation 
(CV) of the measured concentrations. The within-run 
precision (n = 5) for the assay at nominal concentrations of 
10, 35 and 70IUml~ l was 3.6%, 5.7%, and 3.9%, 
respectively. The between-run precision of the assay at these 
concentrations was 6.1%, 7.5%, and 7.7%, respectively. 



EUSA for soluble IL -2R (sIL -2R) 

Soluble IL-2R. levels were determined using a standard two-, 
step sandwich assay (Immunotech, Marseille, France), as 
described previously in detail f IB]- The amount of sIL-2R 
per sample was calculated by plotting the absorbance values 
against a sIL-2R standard curve. Normal donor values 
ranged from 25 to 115 pmol J*~ 1 (1 pmol I~* =42 pgmP 1 ). 
The lower limit of quantification was 5 pmol P 1 . The 
within-run precision was assessed by performing an analysis 
at three defined concentrations (25, 400, and 800 pmol I -1 ; 
" = 5). The coefficient of variation was 6.6%, 4.9%, and 
5.3%, respectively. The between-run precision of the assay 
at the above mentioned concentrations was 11.4%, 7.9%, 
and 9.5%, respectively. 




Pharmacokinetic analysis 

Compartment independent pharmacokinetic parameters of 
rhIL-2 were evaluated using the TopFit version 2.0 software 
f!9). The maximal concentration (C^x), the corresponding 
ome (r mix ) and area under the curve (AUC(0,24 h)) were 
determined. The elimination half-time (f|/2 tl ) was calculated 
from the log-linear terminal slope (4-24 h in patients who 
received 20xl0 6 IUm~ 2 ; and 4-12 h in patients who 
received 10 x 10 6 IU m~ 2 twice daily). For statistical analysis 
the Wilcoxon's rank sum test was used to compare both 
treatment regimens. Data are given as means + s.d. 

Results 

Subcutaneous administration o/20x 1(f IUm" 2 rhJL -2 price 
daily 

Seven patients of study group A were treated with s.c. 
administration of 20 x 10 6 IU m~ 2 once daily. The pharm- 
acokinetic profile of the mean serum rhIL-2 concentration 
is presented in Figure 1 (a). The pharmacokinetic parameters 
including ( m3X , C max , t\ /2mZ and AUC are summarized in 
Table 1. In group A the mean AUC(0,24 h)-value was 
627 + 153 IU ml" 1 h and the apparent harmonic mean f 1/2 - 
value 5.1 + 1.1 h. Mean C mix was 72 + 20 IU ml"' which 
was reached at a time of 4.0+1.2 h. The mean AUC value 
(AUC(0,12 h)) was 501 + 125 IU h ml~ 1 (Table 1). 

Subcutaneous administration of 10 x lit UJ m~ 2 ' rhIL -2 
every 12 h (twice daily) 

Patients of the treatment group B received 10xl0 6 IUm~ 2 
of rhIL-2 s.c. every 12 h (three patients). In group B C max 
of rhIL-2 in the first 12 h period amounted to 
89 + 25 IU ml" 1 at a t m2X of 4.0±0h. During the second 
12-h period after the administration of 10xl0 6 IUm -2 
rhIL-2 the mean C max was 82 + 31, IU ml" 1 at a l max of 
2.7 ± 1.7 h (shown in Table 2), The mean AUC(6,12 h) of 
the first 12 h was 576 + 126 IU ml* 1 h, that of the second 
12 h period (AUC(12,24 h)) was 554 ±184 IUml''h. 
Both mean AUC values (AUC(0,24 h)) added up to 
1130 IU ml h. The pharmacokinetic profile of the mean 
rhIL-2 concentrations is shown in Figure lb. 

Comparison of the pharmacokinetic data of both study groups 

We investigated the influence of the dosage of rhIL-2 on 
the Qna,,, t mm and AUC values after administration of 
single dose of 10xlO*IUm~ 2 or 20x10* IUm -2 
rhIL-2 s.c. 4.0 h after rhIL-2 administration f max was reached 
in both study groups. The mean C max values of group A 
and. group B (72IUm)~' vs 89 IU ml" ') were not 
significantly (P = 0.209) different. We also compared the 
mean AUC(0,12h) values of both study groups (501 IU- 
ml h vs 576 I U ml~'h) and found no significant 
difference (P=0.305). On the contrary, the AUC(0.24 h) 
following a twice daily administration of 10 x 10 6 IU m~ 2 
rIL-2 was significantly {P— 0.029) higher (nearly twice as 
high) than the AUC(0,24 h) after administration of 
(20 x 10 IU m~ 2 ) in one daily cumulative dose. 
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Figure 1 Pharmacokinetics of rh!L-2 in patients with metastatic 
renal eel) cancer treated subcutaneously. Serum levels of rhlL-2 
were measured with ELISA and are expressed as mean±s.d. (a) 
Mean levels in seven patients receiving 20 x 10* IU m~ 2 s.c. as 
single injection, (b) Mean levels in three patients receiving 
10x10* 1U m~ 2 s c. twice every 12 h. 



Soluble IL -2 receptor (sIL -2R) 

The serum concentrations of the sIL-2R of all 10 patients 
arc shown in Figure 2. Prior to immunotherapy three 
patients exhibited normal sIL-2R levels (25-115 pmol I -1 ), 
while seven patients had elevated levels, which ranged from 
182 to 828 pmol There was no significant difference 
between both study groups prior to the treatment (P — 
0.425), 24 h after the first injection of sx. rhIL-2 (P= 
0.425) and 48 h after start of therapy (P= 0,275). During 
rhIL-2 therapy the concentrations of the sIL-2R increased 
during the first 48 h continuously, but not significantly, in 
treatment group A from 286pmolJ _1 up to 614 pmol I -1 
(P=0.237) and in treatment group B from 325 pmol l" 1 
up to 955 pmol l -t (P=0.109). Three days after s.c. 
administration of rhIL-2 the sIL-2R seemed to increase 
distinctly (group A: from 286 pmol J ~-' up to 1168 pmol l -1 
and group B: from 325 pmol I -1 up to 1934 pmol l~ 
The sIL-2R was measured only in two patients of each 
treatment group up to 3 days after the beginning of rhIL-2 
therapy, therefore we could not calculate significance using 
the Wilcoxon test. When summarizing both study groups 
we could show that the sIL-2R increased significantly (P= 
0.016) 72 h after the beginning of rhIL-2 treatment. 

We also evaluated the influence of the increase of sIL-2R 
concentrations on the values of AUC(0 ? 24 h). During the 
first 48 h after rhIL-2 administration, the increase of the 
sIL-2R had no apparent influence on the AUC values. After 
more than 48 h, there was a trend towards a decrease in 
AUC in those patients with sIL-2R concentrations over 
1200 pmol 1 _1 (m = 3), although this failed to reach statistical 
significance. The serum levels of sIL-2R and rhIL-2 of one 
typical patient who received l0x10 6 IUm~ 2 rhIL-2s.c. 
are shown in Figure 3. 

. Discussion 

In this study we have determined the pharmacokinetics of 
two different dose regimens of subcutaneous rhIL-2 adminis- 
tration in patients with metastatic renal cell cancer. Since 
ELISA assays have been employed, the current results do 
not necessarily correspond to the availability of biologically 
effective IL-2. We have shown for the first time that 
administration of 10xl0 6 IUm" 2 rhIL-2s.c. twice daily 
(every 12 h) results in a significantly higher (P— 0.029) total 
AUC(0,24h) than s.c. administration of 20 x 10* IU m~ 2 
once daily. Although pharmacokinetic parameters are best 



Table 1 Pharmacokinetic parameters of 
a single injection of rhIL-2 at 
20 x 10 6 IU m~ 2 s.c. in seven patients 
with metastatic renal cell cancer. 



Number 


00 


(lUmi' 1 ) 


.(h) . 


AUC(0,12h) 
(IUml~ % h) 


AUC(0,24h) 
(lUmr 1 h) 


1 


2.0 


105 


3.1 


647 


748 


2 


4.0 


80 


4.8 


649 / 


829 


3 


6.0 


45 


6.5 


375 


501 


4 


4.0 


52 


5.3 


366 


450 


S 


4.0 


66 


6.2 


483 


657 


6 


4.0 


75 


5.0 


583 


732 


7 


4.0 


80 


4.9 


401 


450 


Mean ± s.d. 


4.0 ±1.2 


72±20 


5.1 ±1.1. 


501 ±125 


627 ±153 
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Time 




Q 




AUC 


Number 


f'v 


/7i) 


(IU ml" % ) 


/T.I 


(IU ml 1$ ) 


8 


0-12 


4.0 


67 


2.9 ' 


446 


9 




4.0 


116 


2.1 


698 


10 




4.0 


83 


3.5 


585 


Mean + s.d. 




4.0 + 0 


89 + 25 


2.8 ±0.7 


576±126 


8 


12-24 


2.0 


48 


3.5 


369 


9 




4.0 


88 


3.1 


555 


10 




2.0 


110 


3.6 


737 


Mean + s.d. 




2.7+1.7 


82±31 


3.4 ±0.3 


554 + 184 




0-24 








576 1 554=1130 



Table 2 Pharmacokinetic parameters of 
two consecutive injections of rhIL-2 at 
10 x 10 6 IUm" 2 s.c. every 12 h in 
patients with metastatic renal ceU cancer. 



2400 r 



2000 - 
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Time (h) 

Figure 2 Serum concentrations (mean+s.d.) of soluble IL-2 
receptor measured by EL1SA during rhlL-2 therapy (n — 6 until 
48 h, n = 4 until 72 h). 




0 12 24 36 48 60 72 
Time (h) 



Figure 3 Serum levels of rhll^2 (•) and soluble 11^2 (□) 
receptor after subcutaneous application (10 x 10 6 IUm" 2 s.c. 
every 12 h for 3 days, T) in one typical patient. 

determined from i.v. bolus and infusion data there are 
several reports of IL-2 pharmacokinetics following i.m., i.p. 
and s.c. administration (8—10). Until now no previous study 
described the pharmacokinetic data of different dose regi- 
mens of subcutaneous rhIL-2 administration. Only 



Ettinghausen et al. [20] demonstrated that intraperitoneal 
(i.p.) injection of rhIL-2 three times a day was more 
effective than the cumulative IL-2 dose administered daily 
i.p. or i.v. 

Furthermore, we could show, that there was no significant 
difference between the C max (P=0.208) arid AUC(0,12h) 
(P= 0.305) values after administration of a single dose of 
10 x 10 6 or 20 x 10 6 IU m" 2 rhIL-2 s.c. Gustavson et al. [10] 
reported that scrum concentrations of rhIL-2 following i.v. 
administration (0.1-30xl0 6 U) increased in an apparendy 
dose -proportional manner. However, when administered s.c. 
(0.1-3.0 xlO 6 U), the increase in serum concentration was 
less than expected, which may have been due to a dose- 
dependent reduction in bioavailability for s.c. administered 
rhIL-2 [10]. We suggest that this effect is caused by an 
incomplete release of rhIL-2 from the subcutaneous injection 
site, hence, administration of doses higher than lOxlO 6 
IU m ~ 2 rhIL-2 did not lead to significantly increased 
bioavailability. This observation is consistent with the results 
of other studies [21, 22] whereby recombinant human 
granulocyte-macrophage colony-stimulating factor (rhGM- 
CSF) was administered s.c. in different doses. Stute et al. [21] 
described that C,^ and the AUC did not increase pro- 
portionally to the dose of s.c. rhGM-CSF; to explain this 
phenomenon a reduced absorption from the injection site was 
also hypothesized [21]. 

Our pharmacokinetic parameters t\n =2.8—5.1 h and 
'max = 4 -0 h are compatible with previous pharmacokinetic 
studies [9, 10]. Konrad et al. [9] used Cetus units (1 Cetus , 
unit = 6 IU); they reported after i.v. bolus administration of 
a median dose of 20 x 10* IU m~ 2 rhIL-2 a nearly two-fold 
higher AUC (2465 UU ml" 1 h) when compared with the 
present AUC after s.c. rhIL-2 administration of ' 
20x 10 6 IUm" 2 in two daily doses (lOxlO 6 IUm" 2 
every 12 h) in our study (AUC(0,24 h) = M30 lUhml" 1 ). 
Comparing s.c. with i.v. bolus administration, the peak 
levels after s.c. administration were more than 10— 100 times 
lower than immediately after i.v. bolus rhIL-2, but were 
approximately constant for several hours before gradually 
decreasing. Therefore, the reported toxicity of i.v. rhIL-2 
was much higher in comparison to the s.c. application 
route [9]. 

We found elevated sIL-2R levels in seven of 10 patients 
with renal cell carcinoma prior to rhIL-2 therapy. Elevated 
sIL-2R levels have been described earlier in patients with 
advanced renal cell carcinoma [23]. Furthermore, sIL-2R 
levels are increased in several diseases, mostly in those of 
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infections [24, 25] or neoplastic character, like malignant 
melanoma, multiple myeloma, chronic myelogenous leu- 
kaemia [23, 26, 27); 

After .3 days of s.c. rhlL-2 therapy the sIL-2R concen- 
trations increased significantly (P=0.016). During the first 
48 h after the start of rhIL-2 treatment the sIL-2R seemed 
to have no influence on the AUC values, because of the 
low sIL-2R concentrations. But in parallel to the increase 
of the slL-2R concentrations over 1200 pmol l' 1 a tendency 
toward reduced AUC amounts could be observed. A 
potential immune modulatory role of the sIL-2R has been 
discussed earlier [28], but not without controversy [29, 30]. 
The main objection against such a role was the low affinity 
(K d : lOnmoir 1 ) of the sIL-2R for IL-2, which is 
1000-fold lower than the binding affinity of the membrane- 
bound heterotrimeric receptor complex (/C d : 0.01 nmol l" 1 ) 
[16-18, 30-32]. Nevertheless, inhibition of IL-2 driven 
effects like proliferation of IL-2 dependent mouse CTLL 
cell line or inhibition of induction of cell-mediated 
cytotoxicity has been demonstrated by several investigators 
[30. 33-35]. 

In addition to the in vitro studies, in several clinical studies 
the putative physiological significance of sIL-2R has been 
investigated. During systemic administration of rIL-2 in 
humans, elevated sIL-2R levels have been observed earlier 
[15]. We described previously that during long-term s.c. 
rIL-2 treatment both soluble and cell surface IL-2R (CD25) 
exhibit a significant increase [15]. We could observe a 
positive correlation between the serum levels of sIL-2R and 
CD25 cell surface expression on peripheral blood lympho- 
cytes. The quantitative correlation stated for soluble and 
membrane-bound IL-2R expression may be explained by 
its subsequent shedding without the transmembrane domain 
of the CD25 molecule (32). 

The exact mechanism of the immune modulatory capacity 
of sIL-2R in vitro and in vivo remains still to be clarified. 
Here, we suggest two different possible mechanisms of 
immune modulation by the soluble IL-2R depending on its 
concentration. In vitro we could previously demonstrate that 
the neutralizing capaciry for IL-2 driven immune responses 
(like CTLL-proliferation, cytotoxicity to malignant cell 
lines) is dose-dependent for IL-2R concentrations up to 
100 pmol l~ 1 and is not due to a direct functional interaction 
between sIL-2R and free IL-2; at this lower concentration, 
ah interaction of sIL-2R with the membrane-bound IL-2R 
seemed to be possible [18], 

Our present in vivo data showed a trend towards decreasing 
AUC(0,24 h) values for sIL-2R concentrations higher than 
1200 pmol 1~* . Because of the low affinity of sIL-2R in 
comparison to the membrane-bound IL-2R, a direct 
interaction between the sIL-2R and free nonbound IL-2 
seemed to be possible only at higher concentrations of 
the sIL-2R. 

In conclusion, the pharmacokinetics of s.c. rhIL-2 in 
patients with metastatic renal cell carcinoma can be 
summarized as follows: 

[A] Split s.c. injection (every 12 h) of rhIL-2 results in a 
significantly (P= 0.029) higher total AUC(0,24h) than 
corresponding single dose administered once daily. [13] 
There were no significant differences between the C max and 
AUC(0,12h) levels after single s.c. administration of 10 x 10* 




Pharmacokinetics of recombinant human inteiieukin-2 

and 20 X 10 6 IU m" 2 of rhIL-2, respectively. [C] 
AUC(0,24h) following s.c. administration of rhIL-2 in two 
daily doses was comparable with AUC(0,24h) reported after 
i.v. bolus rhIL-2. [D] The sIL-2R increased significantly 
(P=0.016) during treatment with rhIL-2, and soluble IL-2R 
levels over 1200 pmol l" 1 seemed to cause a decrease of 
AUC(0,24h). 
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IL-21 Activates Both Innate and Adaptive Immunity to 
Generate Potent Antitumor Responses that Require Perforin 
but Are Independent of IFN-y 1 

Hak-Ling Ma,* Matthew J, Whitters,* Richard F. Konz,* Mayra Senices,* Deborah A. Young,* 
Michael J. Grusby, f Mary Collins,* and Kyriaki Dunussi-Joannopoulos 2 * 

IL-21 is a key factor in the transition between innate and adaptive immune responses. We have used the cytokine gene therapy 
approach to study the antitumor responses mediated by IL-21 in the B16F1 melanoma and MethA fibrosarcoma tumor models 
in mice. Retrovirally transduced tumor cells secreting biologically functional IL-21 have growth patterns in vitro similar to that 
of control green fluorescent protein-transduced cells, but are completely rejected in vivo. We show that IL-21 activates NK and 
CD8 + T cells in vivo, thus mediating complete rejection of poorly immunogenic tumors. Rejection of IL-21 -secreting rumors 
requires the presence of cognate IL-21 R and does not depend on CD4 + T cell help. Interestingly, perforin, but not IFN-y or other 
major Thl and Th2 cytokines (IL-12, IL-4, or IL-10), is required for the IL-21-mediated antitumor response. Moreover, IL-21 
results in 50% protection and 70% cure of nonimmunogenic tumors when given before and after tumor challenge, respectively, 
in C57BL/6 mice. We conclude that IL-21 immunotherapy warrants clinical evaluation as a potential treatment for cancer. The 
Journal of Immunology, 2003, 171: 608-615, 



Interleukin-2) and its receptor (IL-2IR) have been recently 
characterized and described (I). Secreted by activated T 
cells, IL-21 is a 131-aa residue, four-helix bundle cytokine 
with sequence homologies to 1L-2 and IL-15 (1). IL-21 R is ex- 
pressed in lymphoid tissues, in particular by NK, B, T, and den- 
dritic cells, macrophages, and endothelial cells (1) (data not 
shown). IL-2IR has the highest sequence homology to IL-2R/3 
chain and IL-4Ra chain (2), which associates with the common y 
cytokine receptor chain (yc) 3 (2, 3) upon ligand binding. The 
widespread lymphoid distribution of IL-2IR suggests that IL-21 
may potentially play a substantial role in immune regulation. In- 
deed, in vitro studies have shown that IL-21 significantly modu- 
lates the function of B, T, and NK cells (1, 4-6). IL-21 potentiates 
maturation of NK cell from bone marrow progenitors and activa- 
tion of peripheral NK cells in human assay systems (1). In murine 
systems, Kasaian et al. (4) have demonstrated that IL-21 limits 
ongoing NK cell expansion while promoting NK effector functions 
and Ag-specific CD8 + T cell responses. More recently, Wurster et 
al. (7) have shown that IL-21 specifically inhibits IFN-y produc- 
tion from developing Thl cells and is preferentially expressed by 
Th2 cells. These data suggest that IL-21 may play a unique role in 
fine tuning the response of B, T, and NK cells, depending on the 
type of stimulus and the phenotype of immune cells. 
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The cytokine gene therapy approach as a form of molecular 
pharmacology applied to tumor models has contributed signifi- 
cantly to identifying immune responses mediated by cytokines that 
were previously either unknown or not fully appreciated (8). In this 
study we have' used the cytokine gene-transfer technology in two 
tumor models and studied the in vivo biology of IL-21 . Our results 
show that 1L-2I/1L21R interactions have a unique role in sequen- 
tially activating both innate and adaptive immune responses 
against poorly immunogenic tumors, leading to tumor rejection 
that is perforin (pfp) dependent but IFN-7 independent. More im- 
portant, we demonstrate that IL-21 stimulates potent prophylactic 
and therapeutic immunity (hat leads to the cure of tumors. 

Materials and Methods 

Mice 

Female C57BL/6, BALB/c, 1L-4"'-, IL-10 - '- IFN-y _/ -, IL-12"'- (i.e., 
P35" 7 "), and pfp~'~ deficient mice in C57BL/6 background were pur- 
chased from The Jackson Laboratory (Bar Harbor, ME). C57BL/6 SCID 
and nude mice were purchased from Taconic Farms (Germantown, NY). 
IL-21 R _/ ~ mice (4) were maintained at Charles River Breeding Labora- 
tories (Andover, MA). AH mice were maintained and treated in accordance 
. with National Institutes of Health and American Association of Laboratory 
Animal Care regulations. 

Tumor cell lines and reagents 

BI6F1 melanoma cells were maintained in culture in DMEM medium 
. supplemented with 10% heat inactivated FBS, 2% glutamine. and 1% pen- 
icillin-streptomycin. MethA fibrosarcoma cells were maintained by i.p. 
passage in BALB/c mice. B I6FI melanoma-specific tyrosinase related pro- 
tein-2 (TRP-2) (SVYDFFVWL) (9, 10) and control peptide OVA 257 _ 2M 
(SIINFEKL) were synthesized at Wycth Research (Cambridge, MA). 
mAbs anti-CD3, anti-CD28, and rat lgG2a and IL-2 cytokine used in this 
paper were all purchased from BD PharMingen (San Diego, CA). 

Generation of IL-21 and green fluorescent protein (GFP)- 
expressing tumor cells 

B16FI and MethA tumor cells were engineered to express IL-21 and GFP, 
or only GFP. Retroviral vectors encoding mlL2l-lRES-GFP or IRES-GFP 
were constructed using GFP-RV vector (kindly provided by Dr. K. Mur- 
phy, Washington University, St. Louis, MO) (I I ). High titer retrovirus was 
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obtained by trans retting the 293- vesicular stomatilus vims G ecoiropic 
packaging cell line (12). Spin infections were performed at 1800 rpm for 
40 min at room temperature. Cells were infected three times. Tumor cells 
expressing GFP were enriched by flow sorting, and the purity of GFP- 
ex pressing cells was >90%. 

In vivo rumor studies 

C57BU6 mice were shaved on the back and injected i.d. with 10 s B16FI- 
IL-21 or control BI6F1-GFP. BALB/c mice were injected with either 10° 
or 2 x 10* MeihA-lL-2 1 or control McthA-GFP cells. Tumor growth was 
monitored by measuring perpendicular diameters with a caliper. Mice were 
sacrificed when the tumors displayed severe ulceration or reached a size of 
200 mm 2 . In general, 1 0 mice per group were used in each experiment, and 
tumor size averages from each group are shown. Results of this study 
(except in vivo depletion studies) represent experiments repeated at least 
two times with similar results. The difference in rumor size between the 
control and experimental groups was statistically analyzed using Student's 
/ test 

In vivo depletion shtdies 

CD4* orCD8* T cell depletion was accomplished by i.p. injecting 400 jxg 
of either anti-CD4 (GK1.5), anti-CD8 (53-6.7) mAbs, or rat [gG isotype 
control per mouse for three consecutive days before tumor cell injection. 
Ab injections were continued every other day after rumor cell injection for 
12 days. For NK cell depletion, 50 *il of rabbit anti -mouse/rat asialo GMI 
polyclonal Ab (Cedarlanc Laboratories, Ontario, CA) was injected i.p. I 
day before tumor cell injection. Mice similarly injected with normal rabbit 
scrum were used as controls. After tumor eel) inoculation, Ab injections 
were continued twice per week for 2 wk. T and NK cell depletion was 
confirmed in lymph nodes and spleens I day before tumor challenge (for T 
cells) or on the same day of tumor cell challenge (for NK cells) by Mow 
cytometry using relevant primary Abs followed by biotinylated secondary 
Abs. FACS analysis showed that >99% of the relevant population of T 
cells or NK cells were depleted in mice treated with anti-CD4, anti-CD8, 
and anti-asialo GMI. In contrast, mice treated with isotype controls dis- 
played T lymphocyte profiles similar to the profiles of untreated mice (data 
not shown).' 

IL-21 ELISA 

Overnight supematants from )0 6 B16FI-IL-2I, BI6F1-GFP, Meth A -IL- 
21. and Meth A -GFP tumor cells were assayed for IL-21 levels by ELISA. 
In brief, murine IL-21 RmlgG2a Fc fusion protein (Wyeth Research) was 
used as coating Ab, and anti-mouse IL-21 (R&D Systems, Minneapolis, 
MN) was used as capture Ab. Purified mIL-21 (Wyeth Research) (4) was 
used as control. The detection limit for IL-21 is 12.5 ng/ml. 

IL-2IR mRNA expression detected by TatjMan 

RNA was isolated from different tumor cell lines according to the manu- 
facturer's instructions (Promega, Madison, Wl). mRNA extracted from 
splenocytes that bad been activated with plate-bound anti-CD3 (1 /xg'nil) 
and anti-CD28 (I /*g/ml) mAbs (BD PharMingen) for 24 h was used for 
positive control. Purified RNA was treated with DNase (Ambion, Austin, 
TX) and adjusted to a concentration of 50 ng/jd before mRNA analysis by 
quantitative TaqMan PCR analysis. IL-2IR and cyclophylin-specific 
primer pairs and probes were designed using PrimerExpress software and 
were prepared by Wyeth Research (primers: 5'-CCCTTCTCAGGACGC 
TATGAT-3' and 5'-CCCTACAGCACGTAGTTGGA-3' and probe TC 
CTGGGACTCAGCTTATGACGAACC). Standard curves for each gene 
were generated with RNA from known IL-2 1 R-expressing cells. mRNA 
expression in control and transduced cell lines was normalized based on 
cyclophilin expression in each cell line, and the results are presented as 
relative units of mRNA. 

Proliferation assay 

Splenocytes (2 X I0 5 cells/well) from either C57BL/6 or BALB/c mice 
were stimulated with various concentrations of syngeneic irradiated tumor 
cells that expressed either GFP or IL-21 in 96-well plates. [ J H]Thymidine 
at 1 /iCi/well (PerktnElmer, Boston, MA) was added during the last 6 h of 
culture. After harvesting the supernatant onto glass fiber filter mats, 
[ H]Thymidinc incorporation was determined by liquid scintillation 
counting. 

ELISPOT assay 

TRP-2-specific T cell responses were determined by the IFN-y EL IS POT 
kit (R&D Systems) following manufacturer's instructions. Splenocytes 



(2 X l0 5 -4 X 10 s ) in 200 pi of medium containing 20 U/ml murine IL-2 
(BD PharMingen) were placed in each well in the presence of 5 u-g/ml 
specific TRP-2 peptides (9) or nonspecific OVA peptides. The plate was 
incubated for 24 h at 37°C in a C0 2 incubator. Plates were then incubated 
overnight at 4°C with detection Ab, followed by a 2-hr incubation with 
streptavidin-alkaline phosphatase conjugate. Spots were visualized with 
5-bromo-4 chloro-3' indoly (phosphate p-toluidine salt/nitro bluetetrazo- 
lium chloride alkaline phosphatase substrate (R&D Systems). Plates were 
washed with tap water and air dried, and spots were counted with a ste- 
reomicroscopc and recalculated to 10 6 cells with background spots sub- 
tracted. Generally, <I0 spots/well were detected when OVA peptide was 
used as Ag. 

In vitro restimulation of splenocytes from tumor cell-inoculated 
mice 

Tumor peptide-specific T cell lines were generated as described elsewhere 
(13). In brief, mice were inoculated with either BI6FI-GFP or B16F1- 
IL-21 cells. After 8-11 days, splenocytes were harvested and cultured with 
5 Mg/ml TRPr2 peptide (9), On the third day of culture, 20 U/ml IL-2 (BD 
PharMingen) was added to each culture. After 5 days, cells were used for 
5, Cr release assay. 

CTL assay 

Cytotoxicity against targets was quantified using a 4-h sl Cr release assay. 
RMA-S cells (generously provided by Dr. K. Karre, Karolinska Institute, 
Stockholm, Sweden) were pulsed with TRP-2 peptide at 10 >ig/ml and 
labeled with Na 2 5l Cr0 4 (Perkin Elmer) for I h at 37'C. After washing, 
5l Cr-labeled target cells were incubated with T cell lines generated from 
C57BL76 mice injected with tumor cells described earlier at different E:T 
ratios in 96 round-bottom plates. After a 4-h incubation at 37°C, supema- 
tants were collected and radioactivity was detected in a scintillation counter 
(Wallac, Turku, Finland). Percent-specific lysis was calculated as 100 X 
[(release by CTL — spontaneous release)/(maximal release — spontaneous 
release)]. Maximal release was determined by the addition of 1% Triton 
X-I00. Spontaneous release in the absence of CTL was generally <I5% of 
maximal release. 

Detection of tumor Ag-specific CD8+ cell using tetramers 

A PC-conjugated MHC K b tetramcr complexes, as described elsewhere, 
(10) were purchased from Beckman Coulter (San Diego, CA). Draining 
lymph node cells from naive mice and mice injected with B16FI-IL-2 1 or 
BI6F1-GFP rumor cells were stained with APC-Iabeled tetramers, F1TC- 
labeled anti-CD3 (BD PharMingen). and PE-labeled anti-CDS (BD PharM- 
ingen). The percentage of tctramer-positive cells was gated on CD8 4 * and 
CD3 + double-positive populations. 

Prophylactic and therapeutic treatment of tumor 

For prophylactic treatment, C57BL/6 mice were first vaccinated with 2 X 

10 5 of irradiated (4000 rad) BlfiFl-GFP or B16FI-IL-2I tumor cells once 
or twice (I wk apart) into the left flank. One week after vaccination, mice 
were challenged with 10 5 B16F1 tumor cells into the right flank. For ther- 
apeutic treatment, mice were first challenged with I0 5 of B16F1 cells on 
the back. One day or later, as indicated, treatment was initiated by injecting 

10 6 of irradiated B16F1-IL-21 cells s.c into the left flank. 

Results 

IL-2 /-transduced 8I6FI and MethA cells secrete biologically 
functional IL-21 

BI6FI melanoma and MethA fibrosarcoma tumor cells were trans- 
duced to express GFP plus IL-21 (B16Fl/MethA-IL-2l) or GFP 
(BieFl/MethA-GFP), respectively. GFP-positive cells were sorted 
and expanded, and IL-21 levels secreted by these cell lines were 
determined by IL-21 ELISA. BI6FML-2I and MeihA-IL-21 
cells, but not BI6F1-GFP or MethA-GFP tumor cells, secreted a 
substantial amount of IL-21 in overnight cultures (Fig. \A). To 
determine whether the IL-21 cytokine secreted by the transduced 
cells was biologically functional, irradiated IL-21 or GFP-express- 
ing tumor cells were used to stimulate naive syngeneic splenocytes 
from C56BL/6 or BALB/c mice in the presence of suboptirnal 
amounts of anti-CD3 and anii-CD28. BI6FI-IL-21 enhanced naive 
splenocyte proliferation when compared with control GFP-ex- 
pressing cells at all concentrations tested (Fig. I B). Similar results 
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FIGURE 1. IL-21 secreted by I L-21 -transduced B 1 6F I and McihA cells 
is biologically functional. A, Levels of IL-21 secretion by transduced tumor 
cells. Overnight supematants from 10* of B16F1 -IL-21, BI6F1-GFP, 
MethA-IL-21, or MethA-GFP rumor cells were assayed by ELISA as de- 
scribed in Materials and Methods, B, Biological activity of IL-21 secreted 
by transduced tumor cells. Naive splenocyles from C57BL/6 mice were 
stimulated for 72 h with the indicated concentrations of irradiated synge- 
ncic-transduced tumor cells. The cultures were supplemented with subop- 
timal amounts of anti-CD3 and anti-CD28 mAb in 96- well plates. [ 3 H]Thy- 
midine was added during the last 6 h of culture. 



. were obtained with MethA-IL-21 cells (data not shown). These 
results suggest that IL-21 secreted by transduced tumor cells is 
biologically functional. 

IL-21 does not affect tumor cell growth in vitro, but inhibits 
tumor formation in vivo 

The in vitro growth kinetics of TL-2 1 -producing tumor cells were 
very similar to that of the GFP-expressing control rumor cells (data 
not shown). This indicates that IL-21 does not have any apparent 
effect on the in vitro growth characteristics of transduced tumor 
cells. The unresponsiveness of lumor cells to IL-21 was further 
confirmed with the lack of IL-2 1 R expression by rumor cells in 
real time PCR analysis. IL-21R expression was detected in anti- 
CD3- and anti-CD28-activated splenocyles, but not in any of the 
transduced tumor cell lines (Fig. 2A). 

To assess the effect of paracrine-sccreted IL-21 on the immune 
system during rumor growth in vivo, B16F1 -IL-21 or MethA- 
IL-2I tumor cells were inoculated i.d. into the flank of syngeneic 
mice. B16FI tumor cells are poorly immunogenic in that previous 
vaccination with irradiated wild-type tumor cells only protects 
20% of vaccinated mice against subsequent live B16F1 challenge 
(14). In contrast, MethA, a methycholantheren-induced fibrosar- 
coma, is an immunogenic tumor model in which vaccination with 
irradiated MethA cells leads to almost 100% protection against 
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FIGURE 2. IL-2 1 R expression by tumor cells and their in vivo growth 
characteristics. A, RNA was extracted from transduced lumor cells; cyclo- 
philin and IL-2 1 R. mRNA present in the tumor cells were determined by 
TaqMan PCR. Expression of IL-2IRmRNA in the transduced cells was 
normalized to cyclophilin values and expressed as relative units. RNA from 
anti-CD3 and anli-CD28 mAb-activated C57BL/6 splenocytes was used as 
positive control. B, Tumor growth in C57BL/6 mice that were injected with 
I0 5 of B 1 6F I -IL-2 1 or GFP cells. C, Tumor growth in BALB/c mice that 
were injected with either I X I0 6 or 2 X I0 6 of MethA-IL-2l or MethA- 
GFP cells. Statistically significant difference (p < 0.O002) between rumor 
sizes in IL-21 and control tumor cell-injected mice was observed. 



subsequent live MethA challenge (data not shown). Of interest, the 
only cytokines that have been reported to prevent B16F1 tumor 
formation in mice are IL-2 and IL-10 (14, 15). 

In our experiments there was no tumor formation in any of the 
C57BL/6 mice inoculated with B16F1 -IL-21 tumor cells for >27 
wk after tumor injection (Fig. 2B), By contrast, all C57BL/6 mice 
bearing BI6F1-GFP cells grew tumors starting as early as day 9. 
Control tumors increased rapidly in size, and these mice had to be 
sacrificed 2-3 wk after rumor cell inoculation because of a heavy 
tumor burden. In the MethA model, small but palpable tumor 
masses were detected 1 wk after tumor inoculation with either 
MethA-lL-21 or MethA-GFP cells in BALB/c mice (Fig. 2Q. 
However, MethA-IL-21 tumors gradually reduced in size starting 
from wk 2 (day 1 1) and eventually regressed completely in 100% 
of mice, whereas 80% of control MethA-GFP tumors continued to 
grow in size until the mice were sacrificed. These results reveal the 
potency of IL-21 to trigger immune responses that lead to eradi- 
cation of both immunogenic and nonimmunogenic tumors. 

IL-2 1 -induced anti- tumor response requires the presence of its 
cognate receptor (7L-2/R) 

The homology of IL-21 and IL-2IR with other cytokines and cy- 
tokine receptors raises the question whether IL-21 -induced anti- 
tumor responses require the interaction of IL-21 with its cognate 
receptor IL-2 1 R. To address this question, BI6F1-1L-2I cells were 
injected into the flank of IL-2IR"'" mice (4) or control C57BL/6 
mice. IL-21 -expressing BI6FI tumors grew out in 100% of IL- 
21 R -/ ~ mice, but not in the control mice (Fig. 3). Thus, cognate 
interaction between IL-21 and IL-21 R is crucial for the develop- 
ment of immune responses that lead to the rejection of IL-21- 
secreting tumor cells. 
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Days post B16F1-IL-21 cells injection 

FIGURE 3. B16FML-2I tumor growth in 1L-21R"'" mice. BI6F1- 
IL-21 cells (10 s /mouse) were injected into cither 1L-2IR~'~ or normal 
C57BL/6 naive mice. Tumor size was monitored twice weekly. Significant 
difference [p < 0.02) between B16FML-21- injected IL-2IR~'~ mice and 
control C57BL76 mice was observed. 



IL-2 J requires both innate and adaptive immunity in 
tumor rejection 

Studies with genetically modified tumor cells have highlighted the 
participation of several types of cells, including neutrophils, eo- 
sinophils, mast cells, lymphocytes, and NK cells in tumor rejection 
(15—20). To determine the. relative roles of lymphocytes in the 
rejection of IL-2 1 -transduced tumor cells, equal numbers (10 s ) of 
B16F1-IL-2I or control B16F1-GFP cells were injected into T and 
B cell-deficient (SOD) mice. Both B16FML-21 and B16F1-GFP 
cells showed similar growth kinetics in SCID mice (Fig. 4A), in- 
dicating that lymphocytes (B and/or T cells) are required for IL- 
21 -mediated rumor rejection. The indispensable role of T cells was 
confirmed in experiments with C57BL/6 nude/nude mice. All nude 
mice inoculated with B16F1-IL-21 cells developed tumors, albeit 
with slower growth kinetics (Fig. 4B). 
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FIGURE 4, Growth of transduced BI6F1 cells in immunodeficicnt and 
lymphocyte subpopulation-dcpleted mice. B16F1-IL-2I and B16FI-GFP 
lumor cells (I0 5 /mouse) were injected into C57BL/6 SCID mice {A) 
C57BL/6 nude mice (B) CD4* or CD8 + T cell-depleted mice (p < 0.005. 
n = 9) [C) t or NK cell-depleted mice (p < 0.001 , n = 9) (0). Ral IgG or 
rabbit IgG was used as isotype controls Tor T and NK cell depletion, respec- 
tively. Tumor size was monitored twice per week as described in Fig. 3. 



To further dissect which T cell subset(s) is (are) important for 
the IL-2 1 -induced effect, we performed in vivo depletion of lym- 
phocyte sub-populations by administering anti-CD4 or anti-CD8 
mAbs. B16F1-1L-2I tumors did not grow in CD4 + T cell-depleted 
mice and in control rat IgG-treated mice (Fig. 4C). However, pal- 
pable tumors grew out in 7 of 10 CD8 + T cell-depleted mice, 
suggesting that CD8"\ but not CD4"\ T cells are necessary for the ■ 
IL-21-induced anti-tumor response (Fig. 4Q. Of interest, the 
growth of B16F1-1L-21 in CD8 1 T cell-depleted mice was signif- 
icantly delayed, suggesting that cells other than CD8 + T cells may 
be responsible for the suppression of early phase tumor growth. 

Accumulated experimental evidence supports the role of NK 
cells as a first line of defense in promoting anti-tumor immunity 
(21-23). We examined this possibility by injecting equal numbers 
of B 1 6F I -IL-2 1 tumor cells into anti-asialo GM I -treated mice or 
control C57BL/6 mice. As expected, no tumor formation was ob- 
served in control C57BL/6 mice, whereas all of the anti-asialo 
GM I -treated mice grew rumors as early as 2 wk after B 1 6F 1 -1 L-2 1 
tumor cell inoculation (Fig. 4£)). Of note, we also used anti-NKl. I 
Ab for NK cell depletion and observed the same results as in anti- 
asialo GM I -treated mice. This further confirms that NK cells are 
required for the rejection of B16FI-IL-21 tumors. Taken together, 
these results indicate that IL-2 1 activates NK and CD8 + T cells 
and that tumor eradication requires the participation of both innate 
and adaptive immunity. 



IL-2 1 supports the generation of lFN-y~secreting tumor Ag- 
specific T celts and enhances tumor Ag-specific CTL activity 

We have used the B16F1 rumor-specific TRP-2 peptide to evaluate 
the effect of IL-2 1 on T cell responses in vivo (9, 10). The presence 
of TRP-2-specific CD8**" T cells in tumor cell-injected mice was 
determined with lerramers containing TRP-2 peptides. Single cell 
suspensions from draining lymph nodes of naive (Fig. 5A) B16FI- 
GFP- (Fig. SB) or B16F1-IL-21- (Fig. 5C) injected mice were 
stained with TRP-2 tctramcr. Compared with BI6Fl-GFP-inocu- 
lated mice, BI6F1-IL-2I cell-injected mice possessed more than a 
2-fold increase in the number of tumor-specific CD8 + T cells. As 
expected, cells from naive mice stained at a background level of 
tetramer. To examine whether these T cells are functional, spleno- 
cytes from mice injected with either 1L-21 or GFP-expressing 
B16F1 cells were stimulated with TPR-2 peptide or OVA control 
peptide in an IFN-y ELI SPOT assay. After the background with 
OVA peptide was subtracted, the number of IFN-y-producing cells 
in B16F1 -I L-2 1 -injected mice was 3-fold higher than that of 
B16Fl-GFP-injected mice (Fig. SD). Although TNF-a and IL-10 
ELI SPOT were performed similarly, no significant differences in 
spot-forming units were detected between BI6FI-GFP and 
B16F1-IL21 tumor cell-injected mice (data not shown). To further 
characterize IL-2 1 -mediated anti-tumor T cell responses, spleno- 
cytes from either IL-2! or GFP-expressing tumor-injected mice 
were first stimulated with TRP-2 peptide in vitro before CTL as- 
says. Splenocytes from B 1 6F1 - IL-2 1 -injected mice had enhanced 
cytolytic activity toward TRP-2 peptide-pulsed RMA-S cells com- 
pared with splenocytes from GFP-expressing tumor-bearing mice 
at all E:T ratios (Fig. 5£). These results indicate that IL-21 en- 
hances the development of tumor Ag-specific cytolytic T cell re- 
sponses. Of note, TRP-2 is one of the Ags shared between B16F1 
tumor cells and normal melanocytes. Thus, CTLs detected in this 
study are actually autoreactive T cells. Indeed, 10-20% of 
C57BL/6 mice developed local hair and skin depigmentation at the 
injection site of B I6FI-IL-2I rumor cells, but not at the injection 
site of control cells (Fig. 5F). 
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FIGURE 5. TRP-2-spccific T cell responses in B 1 6F1 -IL-2 1 -injected 
mice. Draining lymph nodes from naive mice (A), mice injected wilh 
BI6FI-GFP (B), or B16F1-IL-2I cells (Q 8 days earlier were harvested. 
Single cell suspension was stained with TPR-2 tetramer (A PC), anti-CD8 
mAb (PE) and anti-CD3 Ab. Lymph node cells from naive mice were used 
as control. .Results shown are the percentage of teirnmcr-positive cells 
gated on CD3 + and CD8* cells, D, Equal numbers of splenocytes (2-4 X 
10 s ) from mice in A-C were stimulated with 5 tig/m\ TRP-2 or OVA 
control peptide in the presence of 20 U of IL-2 in an ELISPOT plate 
prccoated with anli-!FN-y Ab. After 24 h. the plate was developed, and 
spot- forming units were counted. Results are expressed as the number of 
spot-forming units/million splenocytes, with the background to OVA pep- 
tide being subtracted (spot- forming units/million splenocytes). f. Cytolytic 
activity of splenocytes from B16FI-1L-2I or control B16Fl-GFP-injected 
mice were tested against RMA-S cells pulsed with TRP-2, wilh back- 
ground against OVA peptide (control) subtracted. Cytolytic activity was 
measured by standard 4-hr Cr 51 release assay. F, Hair and skin depigmen- 
tation at the sites of B16FI-IL-2I tumor injection. 



IL-2 J -induced anti- tumor response is independent of IFN-y. IL- 
12, IL-4, and fL-10, but requires pfp 

It is well established now that IFN-y and IL-12 are the cytokines 
primarily involved in activating immune cells against tumors, both 
in murine models and in humans (24-26). To definitively deter- 
mine whether these Thl/Th2 cytokines actively participate in 1L- 
21 -mediated anti-tumor response, equal numbers of B16F1 -IL-21 
or BI6F1-GFP tumor cells were injected into C57BL/6 mice de- 
ficient ofIFN-y, IL-12, IL-10, or IL-4. Interestingly, none of the 
aforementioned cytokine-deficicnt mice formed tumors after 
B16FI-JL-21 cell injection (Fig. 6A-D). However, B16F1-GFP 
control cells grew tumors in those mice. The observation that tu- 



mor rejection is IFN-y independent may have clinical importance, 
because production of IFN-y during an overwhelming ami-tumor 
response has been accompanied by severe side effects (27. 28). 

Besides cytokines, NK and CD8* T cells can also reject tumors 
via a pfp-mediated cytotoxic mechanism (29, 30). To investigate 
whether IL-2 1 -induced anti-tumor response requires the pfp-me- 
diated pathway, IL-21- or GFP-expressing tumor cells were in- 
jected into pfp _/ " mice. In these experiments, 100 and 80% of ihe 
pfp~'~ mice injected with B16F1-GFP or B16F1 -IL-21 cells, re- 
spectively, developed tumors (Fig. 6F). Interestingly, B16FI- 
IL-21 cell-injected mice showed delayed tumor growth compared 
with control-injected mice (Fig. 6E). The growth of B16FI-IL-21 
cells in pfp _/ ~ mice indicates that IL-21 -induced anti-tumor re- 
sponse involves pfp-mediated cytotoxicity. 

IL-21 mediates a potent prophylactic and therapeutic effect 

In preliminary vaccination experiments, we observed that 30-40% 
of mice that rejected primary B16F1 -IL-21 tumors were also pro- 
tected from subsequent BI6F1 tumor challenge when it was ad- 
ministered 3 wk later in the opposite flank. Nevertheless, none of 
these mice was protected when challenged wilh bladder carcinoma 
MB49 tumor cells (data not shown). Therefore, we sought to eval- 
uate the role of IL-21 in prophylactic and therapeutic treatment of 
tumors. For prophylactic treatment, mice were vaccinated once or 
twice with irradiated B16F1-IL-2I or B16FI-GFP 1 wk before 
B16F1 challenge. Mice vaccinated with irradiated BI6F1-1L-21 
showed substantially delayed tumor growth when compared with 
the mice that received irradiated B16F1-GFP cells (Fig. 7/4). In- 
terestingly, irradiated B16F1 -IL-2 1 vaccination followed by boost- 
ing conferred better protection than a single vaccination (Fig. 1A). 
This suggests that IL-21 can induce effective anti-tumor memory 
response against subsequent challenge of tumor cells. To evaluate 
the therapeutic potential of IL-21, irradiated BI6F1-1L-21 cells 
were administrated s.c. 1, 3, and 5 days after mice were challenged 
s.c. with 10 3 live B16F1 cells. Injection of irradiated B16F1-GFP 
cells did not show any therapeutic effect upon B16FI cell chal- 
lenge (data not shown). However, significant delay in lumor 
growth was observed in mice treated with irradiated B16F1-IL-2I 
cells, and 70% of tumor-bearing mice treated with three doses of 
irradiated B16F I -IL-21 cells rejected tumors completely (Fig. IB). 
Of note, all of the mice that were cleared of rumors also developed 
autoimmune depigmentation of the skin in the surrounding as well 
as more distant areas (data not shown). 

Discussion 

In this study we have examined the in vivo biology of IL-21 using' 
tumor models. We validate previous in vitro observations by show- 
ing that IL-21 has a very potent in vivo effect on both NK and 
CD8"" T cells that results in eradication of both immunogenic and 
nonimmunogenic tumors. Of interest, IL-21-mediaied tumor rejec- 
tion is independent of major Thl and Th2 cytokines, i.e., IFN-y, 
IL-12, IL-4, and IL-10, but requires the pfp-mediated cytotoxic 
pathway. Finally, we demonstrate that, when used as prophylactic 
or therapeutic vaccine, IL-2 1 leads to 50 and 70% tumor rejection, 
respectively. 

The rapid and definitive elimination of IL-21 -transduced B16 
melanoma tumor cells observed in our studies is in clear contrast 
with data obtained in other cytokine gene vaccination models, un- 
derscoring a unique role of IL-21 in modulating the immune sys- 
tem. Mice immunized with IL-4-, IL-5-, IL-6-, IL-12-, IFN-y-, 
TNF-at-, or GM-CSF- transduced B16 vaccines, as reported previ- 
ously, displayed moderate delays in tumor formation. However, 
eventually all mice succumbed to lethal tumors (14, 31). Of note, 
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FIGURE 6. In vivo growth of 
BI6F1-1L-2I cells in cytokine and 
pfp-dcficiem C57BL/6 mice. 
IFN-y. B, IL-12; C, IL-4; D, IL-IO: or 
E and F. pfp-deficiem C57BL/6 mice 
were injected with )0 5 of either 
BI6FML-21 or B16FI-GFP tumor 
cells, and the tumor growth was mon- 
itored twice weekly. A significant dif- 
ference in tumor sizes is observed be- 
tween B16FML-2I and B16F1-GFP 
tumor cell-injected mice ip < O.OO I ). 
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GM-CSF-, IL-5-, IL-6-, and TNF-a-expressing cells caused sig- 
nificant side effects (14, 3 J). To date, only IL-2 and 1L-10 have 
been reported to induce complete regression of transduced B16 
tumors in vivo ( 14, 1 5). In our study, syngeneic mice injected with 
B16F1 -IL-21 or MethA-IL-21 tumor cells did not develop any 
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FIGURE 7. Prophylactic and therapeutic anti-tumor response of IL-2 1. 
A t C57BL/6 mice were first vaccinated with 2 X 10 s irradiated (4000 rad) 
B 1 6F I -GFP or B I6F1 -IL-2 1 tumor cells once or twice ( I wk apart) into the 
left flank. One week after vaccination, mice were challenged with 10* 
BI6FI tumor cells into the right flank. For therapeutic treatment, C57BL/6 
mice were first challenged with 10 5 of B 1 6FI cells in PBS on the back. One 
day or later, as indicated, treatment was initiated by injecting I0 6 of irra- 
diated B16FML-2I cells s.c. into the left flank (B). 



clinically overt tumor for a period of >41 wk after tumor 
inoculation. 

Interestingly, mice injected with B16F1 -IL-21 tumor cells de- 
veloped hair and skin depigmentation around the injection sites. 
Presumably, autoimmunity against normal mouse melanocytes 
was induced through (a) common epitope(s) shared with B 16 tu- 
mor cells in the close proximity of tumor injection sites (9, 10, 31). 
To our knowledge, IL-21 is the only cytokine that has caused local 
depigmentation upon injection of cytokine gene-modified BI6FI 
tumor cells, thus validating its unequivocal ability in activating 
potent immune responses. However, the fact that flow cytometric 
analysis of spleen and lymph node cells removed from immunized 
mice did not show any major changes in cell population (data nor 
shown), suggests that paracrine secretion of IL-2 1 modulates the 
immune system without causing overt systemic side effects. 

Despite the apparent redundancy in the IL-21R signaling path- 
way with other yc-dependent cytokine receptors, BI6F1 -IL-21 tu- 
mor grew out in IL-21R~ /_ mice, but not in C57BL/6 mice. This 
suggests that IL-2 1 can act only through its cognate receptor IL- 
21R. Additionally, this also implies that IL-21 expressed by tumor 
cells is functioning through cells of host origin. Of note, the out- 
growth of B16FI-IL-21 tumors in IL-21R _/ ~ mice should not be 
attributed to an intrinsic defect in T and NIC cells, as IL-21R - ' - 
mice have normal NFC and T cell development, and those cells 
respond to cytokines other than IL-21 (4). 

IL-2 1 promotes innate immune responses by enhancing cyto- 
toxicity and lFN-y production of NK cells (1, 4). B16F1-IL21 
tumors grew out in mice depleted of NK cells, demonstrating thai 
IL-21 is acting on NK cells to potentiate tumor rejection. In these 
mice tumors grow out quickly after inoculation, consistent with an 
early role for NK cells in tumor rejection, which is likely to ac- 
count for the significantly delayed B16F1 -IL-21 tumor growth in 
CD8 + T cell-depleted mice. IL-21 may directly enhance ami- 
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tumor lytic activity of NK cells, and/or NK cell activation may 
enhance macrophage cytotoxicity and facilitate tumor Ag process- 
ing and presentation to T cells (32, 33). Thus, NK cells keep tumor 
growth under control, during which time the adaptive immune re- 
sponse is initiated. Although NK cells are present in both SCID 
and nude mice (34), there is no significant delay in tumor forma- 
tion in those mice. However, these mice also lack CD4 + T cells 
and NKT cells, in contrast to the CD8-depleted mice. Although 
CD4 + T cells are not required for rejection of Bl 6F 1 -IL2 1 tumors, 
they may contribute to tumor rejection in the absence of CD8 + 
cells. Alternatively, the explanation may lie in NKT cells; NKT 
cells. are a component of NK cells that express both NK markers 
and TCR. They can be promptly activated to release cytokines that 
may contribute to NK cell activation. Thus, the possible absence of 
NKT cells in SCID and nude mice (35, 36) may result in rapid 
initial tumor growth caused by lack of activated NK cells. 

IL-21 promotes Ag-specific (adaptive) anti-tumor responses as 
evidenced by the restoration of IL-21 -expressing tumor growth in 
SCID and nude mice. Both CD4 + and CD8 + T cells have been 
described to be important for the induction of tumor regression and 
the development of protective immunity (17, 18, 37, 38). At first 
glance, the finding that CD8 + , but not CD4 + , T cells are required 
for the anti-rumor response of IL-21 is not in agreement with the 
doctrine that CD4 + T helper cells are required for activation of 
naive CD8 + T cells (39). However, recent studies have demon- 
strated that in vivo elimination of CD4 + T cells may actually en- 
hance the anti-tumor effect in cytokine gene therapies. This is ac- 
complished by either skewing the cytokine milieu to Thl 
phenotype or removing CD4^"CD25 + T regulatory cells (10, 31). 
Because activated CD4 + T cells are a major source of IL-21 (1), 
we further speculate that IL-21 released by BI6F1-IL-21 may re- 
place the help that is normally provided by CD4*" T cells. Thus, 
IL-21 may act on CD8 + T cells directly by lowering the threshold 
of costimulation necessary for their activation and/or, indirectly, 
by augmenting Ag presentation of the IL-2 1 R-bearing APCs (40- 
42). Although BI6F1-GFP control tumor cells elicited some level 
of tumor-specific CTL responses, these responses were not suffi- 
cient for tumor clearance. In this regard, as our experiments with 
tetramcrs demonstrate, IL-21 potentiates the expansion of Ag-spe- 
cific CD8 + T cells, which ultimately leads to tumor elimination, 
IL-21 also enhances IFN-y production by both NK and CD8* T 
cells as demonstrated by our results and others (1,4). IFN-y is a 
pleiotropic cytokine that can act on both tumor cells and host im- 
munity (32, 43). iFN-y directly inhibits proliferation of some tu- 
morcells in vitro (44) and indirectly inhibits tumor growth in vivo 
by suppressing tumor angiogenesis (45, 46). Nevertheless, IFN-y 
and other cytokines (i.e., IL-12, IL-4, IL-10) are not required for 
IL-21 -induced anti-tumor responses. Thus, it is likely that IL-21 
acts either directly or through mediators other than IFN-y (and 
IL-12, IL-4, IL-10) to potentiate the expansion of NK and rumor- 
specific CD8 + T cells and to enhance their cytotoxic activity via 
the pfp (and/or Fas/Fas ligand) pathway. Indeed, the fact that 
BI6FI-1L-21 rumors grew in pfp~'~ mice strongly suggests that 
the pfp-mediated cytotoxic pathway is indispensable for IL-21- 
induced anti- tumor responses. Of note, the observed reduced 
growth rate of B16FML-21 tumors in pfp~'~ mice, compared 
with B16F1-GFP tumors, indicates that other factors induced by 
IL-21 may also be involved in tumor surveillance. 

Finally, we demonstrate in this study that IL-21 alone has the 
unique potential to prevent or cure poorly immunogenic BI6 mel- 
anoma tumors. It has been shown previously that GM-CSF-based 
cancer vaccines protect mice from developing BI6 tumors when 
given prophylactically (47). However, therapeutic GM-CSF vac- 
cines alone have little to no effect on the eradication of pre-existing 



tumors, and combination treatment (e.g., with anti -cytotoxic T 
lymphocyte Ag, CTLA-4 Ab) (48) is required. In our study, irra- 
diated B16FI-IL-2I vaccines protected 50% of mice from subse- 
quent tumors and cured 70% of mice with pre-existing tumors. It 
is noteworthy that, although historically it has been easier to pre- 
vent than cure established tumors, in our study prophylactic IL-21 
vaccines are less potent than therapeutic vaccines. The better ef- 
ficacy of IL-21 in therapeutic vaccines may be because of the 
effects of IL-21 on both NK and CD8 + cells. IL-21 has been 
shown to enhance NK effector function, but IL-2 1 does not support 
expansion of NK cells (4). Thus, IL-21 may be more potent once 
NK cells have been activated and have begun to expand. This 
would allow for better NK cytotoxicity, which may also result in 
enhanced tumor Ag presentation. In addition, IL-21 can potentiate 
CTL function, and our data suggest that the effects of IL-21 are 
more potent after priming of the CTL compartment. Nevertheless, 
in the prophylactic settings, IL-21 is not available to enhance the 
effector function of NK or CD8**" T cells upon initial tumor chal- 
lenge, as IL-21 is primarily produced by activated T cells. Of in- 
terest, all the mice that were cleared of tumors in the therapeutic 
setting (but not in the prophylactic setting) also developed auto- 
immune de-pigmentation (data not shown),- a fact that has been 
correlated both in murine models and human trials, with the es- 
tablishment of a potent anti-tumor response (9, 49). To our knowl- 
edge IL-21 is the first cytokine so far that has been shown to 
induce autoimmune depigmentation and thus vigorous anti-tumor 
response. By the time we submitted this manuscript, Ugai et al. 
(50) published similar findings in murine colon carcinoma models. 
Their report also highlighted the importance of IL-21 in inducing 
effective antitumor responses through NK and CD8 - *" T cells. In 
conclusion, the unique antitumor effect and the safety profile of 
IL-2 1 described in this report opens new possibilities for immu- 
notherapy in cancer. 
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Stimulator cells for the allogeneic WUSt are den- 
dritic cells but not macrophages (H£). H^ t however; 
enhance the .MLR initiated by relatively low doses 
of dendritic cells. The present report demonstrates 
that the enhancement of the MLR as mediated by 
two factors ^ko^sicoS, One is XL-I* inasmuch 

as it has a M r -15 ^kDa, and hoth partiaBy purified 
IL-1 and rEL-l also enhance the MLR, The other has 
"been Identified as granulocyte-macrophage (GBfl)- 
CSF. It had a M, -25 &Da f and is reproduced by rGBS- 
CSF. Moreover, the B£DLR-enhancing activity of both 
the 25-kDa molecule and rGM-CSF have been neu- 
tralized by antMJEa-CSF antiserum. Bottlb XL-l and 
GM-CSF iiave autonomous frnhaingrtTTtg activity, but 
they collaborate with each other fin enhancing the 
MLR. Both factors act on TO to augment their stim- 
ulatory activity for allogeneic T lymphocytes. 

We have studied the role of M£* and DC in the Immune 
responses, and reported that the Ag-presenttng activity 
for primary and also for secondary immune responses as 
well as the stimulatory capacity for primary MLR of DC 
are incomparably higher than those of M$ (1-3}. bS*. 
however, modulate the Immune responses Initiated by 
. DC. An enhancing effect of M$ is observed, especially 
when the number of DC is so small to trigger a strong 
response. 

Recently. Kotde et aL (4, 5) reported that accessory and 
stimulatory capacity of DC are augmented try JL-1 pro- 
duced by M$. The results to be shown In this paper also • 
support this. Furthermore, we report here concerning 
another factor which is also produced by M$ and exert 
the effect not only autonomously but also synergtetlcaily 
wtthDVl. 
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MATERIALS AND METHODS 

. Altec. BALB/c. (BALB/c X D8A/2JF1 {CD2F1), C3H/HcSlc, C3H/ 
HeJ, B10.BR, C57BL/6. andt27BL/10 mice raised In our breeding 
coloay or purchased from Shizuoha Agricultural Cooperative Asso- 
ciation for Laboratory Animate. Shtawrtrn. were used at the age of- 2 
to 5 mo ao the donor of M>, DC, and rcepooder T ecus. Tir/mocytes 
^ere prepared from 4- to 6-wk-oM mice. 

Cytokines and anttboxttes. Con A-etbuul&ted spleen cell ouper- - 
nataat and murine riFN-t were used to stimulate h3£. The former, 
was prepared as described by Meurcucd et aL (6) and the latter was 
provided by the Research Institute of Shtonog) Pharmaceutical Co. 
Ltd., Osafca. Natural u>l was partially purtfled by HPLC gel filtration 
from the supernatant of proteose peptone-elicited M$ Btlnmhtart 
with latex particles \7), Human rfl>la was donated by Datnlppon 
Pharmaceutical Go. Ltd.. Osaka (8). Murine rCM-CSF woo partially 
purtfled from the medflum of COS-1 cells uroxafectcd with plaemld 
DNA pHS mGM-CST (9). Rabbit aati-GM-CSF antiserum was a gtft 
of Imrnunex Co.. Seattle (10). Culture supernatant of cello . 

was used as a crude u>3 preparation. B ftcugr purtflod IL-3 was 
purchased from Genzyme Corp or ation. Barton. MA mAb MKD8 
(antl-Ia*). B31-2 tantl-la 1 "*). and 10.2.16 (antl-to*) were used as cul- 
ture' supCToaiant to deplete la-bearing cells with the old of CH-ow- 
Tojl-BA rabbtt C; Cederlane laboratories, Ltn\, Harby, Ontario). 

B6Q and Mt> supernatant BA# were prepared as edhcrent -cells 
foam PTC eUdted by thlaghycoDate medhim as described by Holto et 
al(l). In order to prepare supernatant. 5 to 10 x 10° PEC tn 10 
ml and 1 to2x 10* In 1 ml were plated Into 100-mm fHnmrrrr pSnHcta 
dlshea (Falcon 3003; Omiard. CA) and 24-weU plates (A/S Nunc. 
Karnstrup, Roslcflde). respectively. Adherent M4> (half of tnltlaUy 
plated PSSC in number) were preculturod for 4 to S dayB lh the 
presence or absence of lymph oklne In RFMJ 1 S40 (Mosul Setyattu 
Co. Ltd.. Ttikyo) ^upplemeoted with 5% PCS<Stertls Systems. Lcgan. 
ITT). 2 mM ^-ghitflmlne. penjculln (100 U/ml), streptomycin (100 pg/ 
ml), and 10 mM HCPES. After replacing the medium with modlfted 
Qich's medium containing 0.5% NMS and 1 ^g/ml todom Pthnrtri 
(cHgma Chemicals -Co.. SC Louts,' Ma) (1). Mo supernatant was col- 
lected 24 h later. In most cases M£ populations were pretreated wtth 
20 vg/vol mitomycin C (Kyowa Hatchn Co. Ltd., Tokyo] for 30 min at 
37"C to prevent the growth of contaminating hbToblasts during the 
culture. 

For obtaining the supernatant to b* submitted to tb&gel filtration, 
were cuCtmcd In Cuch's medium wtthout NMS for 24 b> The 
supernatsnt was ctmoentrated 15-to20^oUhyDlafuulunaiutranmi 
memhmnc YM5 (Amicon C^rporntJan, Lexington. MA), and dlalyzed 
a^ainot 0.01 M PBS. P VaettoaarJop was nejfonned by an HPLC^el 
HltratSon column (TSK-GEU G3000SWG cohrmny ToyoSoda Manu- 
facturing Co. Ltd.. Tokyo) cannnbrated with 0.01 hfl PBS at a flow 
rate of 3 nu/mtn. Tbs column was calibrated with BSA (67 kDa), 
OVA (43 hDa), carbonic anbydrass {30. fcBa). trypsin mJnbttor <20. 1 
kDa). and RHase (1 9-7 kJDa). 

Ceils. DC were prepared from spleen cells according to the meth- 
ods of Kussenzwctyg and -? f *Hn'* ,fl p (1 1) wltb a slight modlflcatlon as 
described previously (1). Reepnnner T cells were prepared by pawamg 
spleen cells successively through nykm woo] and Sephades O-10 
(Pbannacia Pine Chemicals, Uppsala) columns (12, 13) followed by 
depleting of la-beartng cells wltb anti-la antibodies and C 

Allogeneic BSLR. The MLR was performed as described '(l) with a 
slight modification. Briefly, 3 to 5 X If/ rcaparuterTccUs rod graded 
numbers of DC were cultured tn 0.2 ml of modified Click's medium 
in 96- well Hal-bottomed micrnplaies (Nunc). In the double chamber 
culture- system, IB-mm diameter plates were used as tower cham- 
bers. The upper chamber was prepared by assembling one side of 
an acryl cylinder with a membrane filter (0.22 pm porosity; MHUpore 
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Co., Bedford. MA). DC and 1.5 x 10° T cells were cultured in the 
upper chambers, and M$ \rcrc placed in tbe lower chambers. One 
set of the double chamber cultures contained 1 ml of medium. 

T cell proliferation was asBPfiwrl by (^l]TdR pCN RadSocheniScala 
Irvine, CA) Incorporation during the last 6 to 12 b cf culture. 

Go-mttogenlc assay. The activity of LAP was assayed so co- 
mltogcolc activity for thymocytes with FHA (Difc© Laboratories. 
Detroit. MX) or Con A (Pharmacia Fine Chemicals) as described by 
Hlrayaina et at (7). 



■ RESULTS 

Enhancement of the allogenic MLR is mediated by 
soluble factors Jrom M(j>. As shown in our previous re- 
port, M£, which are inadequate as the stimulator cells, 
enhance the MLR triggered by DC (1). Thus, the presence 
of appropriate number of M$ ma&es a dose of DC to 
he as effective as a dose of 2% DC used in the absence of 

M4> need not contact directly either responded T cells 
and/or DC. In the experiment of Table 1, the direct inter- 
action between M$ and the other cells was hampered by 
membrane filters, but the MI*R to allogeneic DC in upper 
chambers was markedly enhanced when Msf> were placed 
in the lower chamber. This result also indicates that the 
enhancement of the MLR is mediated by soluble factors) 
released from M<j>. 

The following experiments were conducted to identify 
the M^-derived factors and the mechanism for augment- ' 
ing T cell proliferation. We prepared M$ supernatant 
from four different M0 populations, which were freshly 

TABLE i 

Enhancing tgfixi. tjf Jtffr does not require the dined vethtiar contact 

MLR 6 
fepmX 10") 



Upper 


Locnar 




BqpL3 


T cells 


None 


23 


0.9 


Tcens + SxIO*BC 


None 


6wS 


2J2 




M*fram IO* TEC 


■ • KD 






Mtffrom 2 X ]0° 
PEC 


130,0 


100.2 


TceUa + S-Sx )0* 


None 


7ae 


152.4 


[EscpL I) or 6.7 x 








1 0 4 [ExpL Z) DC 









•RecpondarTcells(J^ « JCr^froxrt BSmlcein esperinKm 1 orGD2Fl - 
mice tn experiment 2 were cultured with or without B10.BR DC in upper 
chambers. The n u nca te d numbers cf BJ0-BB M$, precultured vnth rlPN- 
1 at 13.5 WnJ f or 7 days, were placed In lower chambers. 

b Figures are relative valoeg. because taccrpcrattan of radiocM-tfvtty vn» 
orpreseedaaoneof 0.1 -ml nUrpwtn of the cuKure tn the upper chambers. 



prepared or precultured in the presence or absence of 
rIFH-7 or Con A-sttmulated spleen cell supernatant. 
MLR-enbancing activity and LAF activity were assessed 
(Table U).No significant difference ta^theMLR-enhanclng 
activity was observed among the four different M$ su- 
pernatant preparations. Concerning the LAF activity, 
however, the supernatant from freshly prepared M<fi was 
higher than those from other M£ preparations. These 
results provided a clue that more than one factor might 
be involved in the augmentation of the 

Therefore, M^-conditioning -medium was fractionated 
by gel filtration and each fraction was assayed for MLR- 
enhancing activity and LAF activity (Fig. 1). The main 
peak of MLR-cnhandng activity was observed in the 
fractions comprising 20-. to 30-lcDa molecules (Fig.. M). 
On the oiher hand, LAF activity was detected in the 
fractions of around 15- kDa molecules (Fig. IB). At a 
higher concentration {5 times higher that in the experi- 
mentt of Fig. 1), a low but significant level of MLR-en- 
hanong activity was also detected in fractions ranging 
from 13 to 20 kDa, which of course possessed high LAF 
activity (not shown}. Even at such a high concentration, 
however. 20-. to 30-kDa molecules manifested no LAF 
activity.- m other experiments, we noticed that partially 
purified IL-1 prepared from proteose peptone-eKcited 
was also able to augment the MLR to some extent (Table 
HI), confirming the report of Kotde et aL (4). Taken to- 
gether, these results indicate that the augmentation of 
the MLR is mediated by at least two distinctive factors: 
one is most probably. IL-1 and the other possibly more 
potent factor comprises molecules of about 25 kDa. 

To test whether these factors collaborate to enhance 
the MLR, graded doses of eemipurifled IL-1 and unfrac- 
tionated M0- supernatant were added separately or to- 
gether to the MLR (Table 10). To obtain clear results, we 
selected M$ supernatants which exhibited little LAF ac- 
tivity. Either IL-1 or the M$ supernatant alone enhanced 
the MLR in a dose dependent manner, but the enhance- 
ment! was about 4-fold. Much great enhancement was 
evident, when both IL-1 and H<f> supernatant were added, 
and these enhancing effects appeared synergistic rather 
than additive. On the other hand, the supernatant we 
used exerted no effect on thymocyte joroHf eratioti In the 
presence of FHA and therefore had little VL^l . Thus, IL-1 
and a distinct 25-kDa factor synesgtee with each other to 



TABLE H 

MUt-enhnnci^andLAyacttvtttes fsolai&t or pmcuUuraq SS^culturasf 

fcXR [cyan X 10~*}<ct111} ; LAP Actfvtfy (cjhd s lOT^-crttb 



Source cf Cull ore Soprmotrmtr^ 



MO 


Wo. of uiI&udI 
_ PEC DLeitatf 


in 


1/4 


1/8 


1/2 


1/4 


1/6 


Fresh 


10° 


61.6 


9.4 


. 2.0 


60.8 


.69.6 


20.1 




2X 10° 


78.6 


17J 


3.3 


92.6 " 


42.6 


26.7 


Precultured 


10° 


56-6 




. 10.3 


20.8 


40.6 


\\A 




3X10" 


45.3 


9.4 


3.9 


as 


7-6 


. 9.1 


Precultured with vtm-t • 


10» 


68.3 


12.4' 


1.7 


25.2 


13.0 


18J2 




2x 10° 


63.6 


16.4 


3.0 


12^ 


153 


143 


PrccaJturod wnb CS 


10°. 


56.4 


.1X2 


3.7 


7AJB 


14.6 


16.0 




2W 10° 


50.4 


15.2 


S.B 


17.8 


15^ 


14.0 


None 4 




2.S 






10.9 







"For Ml JR. CD2F1 re^puiicerTccfla (4 X 10^caidB10.BRI^ (1 J^^O^^erecailtur^for 0 cfeayo. |°HJTt3R jJHXgptiraUan 
of respender ccfls alone vas 269 to -the absence of M6 suptrn&ia^t. and 69 -to 326. In Its presence. LAF octmty tos 
fiwranl by ustn£C31VHeS2c Ihynxjcytcs {5 X- lC/culture) ozxd PHA fl.f^/ml). 

*Four binds of sopemntoct xrece prepared as described to, the text- 

* MLK and LAF assays oere preformed m the atayrror of W supernatant. 
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Fiffurel. Gel nitration of M£ supernatant for taaTUTying fractions' 
with MLR-enhanctng activity and feAT activity. Culture supernatant of 
<SH/HcSJcM<>, pre cultured uttooujjy^ 

frac tiona t e d by an HPLC TSR-CEUG3000SWC cahn&a^Quflibratcd-cTttfav 
0.01 M PBS at a flow rate cf 8 ml/mln. Toe coSumn wa» calibrated istth 
BSA (67 kDa), OVA (43 fcCa). carbonic enhyctrase (CA: 30 aZte>, trypsin 
tobOxttor m 20.1 WDoJ. and RNase (RH; 13.7 kDa). to A. BALa/cTrv* 
spender ceua (5X 10*/culturc) sod B10.BR DC (1.5 X loVculture) 
cultured far 4 cteyo tn the presence (PJ or absence JD) of the whole fi&£ 
euperaatant. or m the presence cf racCi fraction (BS5 v/v; O). In LAF 
activity of each fraction (12.553 v/v) was iffTt^ml using CSH tbyiaocytes 
f5 X lOVculture). Open aquar? repmenta the reaction of Uiyroccytes 
>crttbout emy fractions of M# euptainatani. 

augment the MLR. 

The 25-kDafactor is plausibly GM^CSF. . Concerning 
the identity of the 25-kDa factor, we considered two 
candidates. GM-CSF {23 kDa) and IL-3 {28 kDa), based 
only ori the Mr (14-1 6). First, tne MU*-enhancuig activity 
of murine rGM-CSF was . tested (Fig. 2). Both the rGH- 
CSF- and the 25-WDa factor significantly amplified the 
MLR. The MLR-enhanclng activity of both rGM-CSF and * 
25-kDa factor was neutralized by antl-OM-CSF anti- 
serum , suggesting that the 25-kDa molecule la most nrob- 
ably GM-CSF. In contrast to GBfl-CSF, neither WEKB-3 
supernatant* which is a crude but active source of u>3. 



nor purified IL-3 augmented the MLR {data not shown). 

Figure 2 also shows that addition of antiserum abro- 
gated not only the effect of exogenous cytokines but also 
the endogenous MLR of T cells to DC without M£ or M# 
factors (Fig. 2). This was not caused by a nonspecific 
injurious effect of rabbit serum on mouse cells, because 
normal rabbit serum at the same concentrations did not 
affect the MLR (not shown). These results strongly sug- 
gest that GM-CSF play an essentia] role in the MLR. 

Cells which respond to GM-CSF tn the MLR. Before 
mixing cells in the aCLEL DC, and responder T cells were 
pretreated separately with either the 25-kDa. factorfTa* 
ble IV) or rGM-CSF (Table V). When DC were pretreated 
with these factors, the subsequent MLR became signifi- 
cantly higher than that of untreated DC. The pretreat- 
ment of responder T cells with the 25 L kDa factor was 
ineffective. As shown In Table V, the presence of antt- 
GM-CSF antiserum on the precuKure of DC with 25-kDa 
factor or. rGM-CSF abrogated the enhancing efrect-a£- 
these factors on the stimulatory aetlvtty of DC. 

In contrast. antj-GM<SF antiserum did not Interfere 
with the enhanced activity of DC which had been pre- 
treated with rGM-CSF or 25-kDa factor (Table VI). This 
implies that DC once triggered by GM-CSF have no need 
far the continual presence of GM-CSF to manifest the 
enhanced stimulatory activity. 

Comparison of the Effect of -GM-CSF and Hrl in 
Clich:'s-NMS medium urfrh that tn KPMJ 1640-FBS me- 
dium. The MLR to the above experiments was performed 
with CUcfeVNMS medium. The experiment was carried 
out to compare the effect of GM^CSF and D>1 In Click's- 
NMS medium vrttb that in RPMI 1640-FBS medium which 
Is often used in MLR cultures (Table VII). The MLR stim- 
ulated by untreated DC was higher In RPMI-FBS medium 
than in CHckVNMS medium (19.5 vs. 10.3). In eitber 
culture medium, similar enhancing effect of rXL-l was 
observed and was not blocked by the addition of anb> 
G&fi-CSF antiserum, irrespective of the use of CL-l to 
pretreat the DC or to supplement the MLR. rGM-CSF 
augmented the MLR tn GlZck's-NMS medium whether it 
was used to pretreat the DC ojt to supplement the MLR* 
but the enhancing effect or .fGM-CSF was hardly ob- 
served in RFBgr-FBS medium in either treatment of DC. 
As mentioned above, the MLR stimulated with untreated 
DC in CUck's-NMS medium, but not in RFMI-FBS me- 
drum, was abrogated when an excess erf anti-GM-CSF 
antiserum was present in the MLR culture continuously. 
Ths MLR performed In the presence of rGM-CSF was also 



TABLE 10 

Synergism of JL-J with tftg MLRisnhancirtg actSvtty p/£f0 supernatant 



Dihmancf 
nvi 



LAF AtaMtjr* fern w lT°t wfia Dflattea aTUe 



Wane 


1/3 




1/B 


fiaax 


1/3 


1M 




1.6 


6.0 


1.4 


as 


1.9 


2.1 


1.3 


1.5 


6.3 


32.2 


17J5 




42.8 


32.6 


29.9 


39.4 


6.7 


44.3 


12.6 


.7.5 


35.7 


34.4 


25.0 


30.9 




37.7 


IJJS 


4.3 


21.6 


263 


20.7 


NO 


3.0 


24.2 


S.l 


2.5 


7.9 


13.4 


6.9 


10.9 


2.7 


19.2 


3.6 


IJ9 


4.5 


GV3* 


5.6 


4.3 



None 

1/8 

1/16 

1/32 

1/&4 

1/128 



C02F1 re*panawTc*ua(5 x 1 0°/ailture) and B J OJEUt DC (1.6 X 107cultu^«ex« cultured tn the in^scnc* or absence 
W superratant andyor a>l partially purified by fUtrattbxx. pHJTdR UMxnparaOea of respanijer T cxlls alone was 

in the ebwmx» of any factor, and 424 to H 89 m the preaexice of Mtf suptmatant end/or H^l . 
^aupernatant was prepared from Me precultured wtth rIFK-j {100 U/ml) f or 4 days. 
CSH/Hi^ thymocytes |5x 10°/cuJture) and PHA (I pg/ml) Tierc used for LAP essay. 
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Figure 2. Effect of anU-r€M-CSF antiserum on the MLR 
In the presence or absence of rCM-CSP or 25-kDa factor. 
CD2F1 TrspondcrToens(5X 10*j and CSWHeSlc DC <! .5 X 
10 2 ) were cultured with the Inrfratrd factors and/or anti- 
serum Tar 4 days. Partially purified 25-kDa factor was pre- 
pared by HPLC gel nuradon. Normal rabbit scrum at the 
conceatratlon of I/80O to J/300 did not affect the MLR fdata 
not shown). 



tpctcr 



rGM-CSP 

wou/n» 



SOOu/ml 



onH&truw 



1/800 
V40O 

i/eoo 



1/600 
t/400 
1/200 



1/800 
1/40O 

vaoo 



25tt> foctor 
3J* 



6J< 



las* 



i/eoo 

1/400 
1/200 



1/800 
1/4CO 

veoo 



1/BOO 
1/400 

veoo 




TABLE IV 

Effect o/ prccutturc p/ respandrr T ceUa or «Ttmulator DC wuh the 25- 
fcPa factor on the subsequent MLR" 



TABLE V 

jgffect qf onfl-QJtfCSF OJUtggriirn on ths euMoatUm qfDC by the 
preculture lutth rOV-CSF or 25-kDa factor* _____ 



Cone of Factor" La 
Pitaitturc of > 



DC 



MLR (epm x vttb Na of Dq» 



TO 



3X10* 



10» 



3 k 10* 



10* 



to 

of DC 



MUtfcpmx2Cr«) 
vtthNoi of 







1.7 


8,0 


29,5 


92.2 


None 


. 78 


44.0 




12.5 




31.6 


S3.4 


117.5 


iGM-CSF 


31.0 


69.0 




25.0 


9.1 - 


35jB 


89.2 


132J2 


rGM-CSF + anti-CM-CSF antiserum 


S3 


37.8 


12.5 




1-8 


BA 


90.] 


©8.6 


25-U* factor 


23.1 


61 .0 * 


25.0 




1.7 


8.4 


28.8 


88.7 


25-kDa factor + anU~GM*CSP antiserum 


5,5 


3&5 



"CD2F1 jc a pwi dtj ecus and C3H/HeSlc DC were separately precuK 
tared ovcrnJgbi (JShj to the presence or absence of Uw 2S-kD* fector at 
the indicated concentration (3 2JS or 259). FcR* ccHa, coouunXiiatlng the 
prccutturcd DC population, were removed by EA rooetttng. The precul- 
tured ecus were washed, and S x 10^ of the responder ceDs «t»* the 
tndVrited numbers of the DC were cultured In Hal-bottaned 98-weO 
plates: pHTTdR inc orpor a non of the tes)x»dercclls alone was 108 to 1 14, 
whether precutturcd In the presence or absence of the 25-kDa factor. 

•HPLC fraction* of 20 to 30 kDe were pooled and used as the 25-kDa 
factor. 

more sensitive to the antiserum in Click's-NMS medium 
than in RPMI-FBS medium. 



- DISCUSSION 

Although Mtf seem incapable of acting as direct stim- 
ulators of the primary allogeneic MLR. they enhance the 
MLR initiated by DC (1). Thus, a small t""*"**t such as 
0.2% DC plus appropriate doses of Met are comparable to 
10 times as many as the number of DC tn stimulating 
allogenic T lymphocytes, in this study, we present evi- 
dence .that JL-1 and GM-CSF are Me> products that en- 
hance DC function. 

We first noted that direct contact of DC plus T cells 



• DC were prccuttured overnight with or without rGM-CSF (200 U/ml) 
ox the 25-kDa factor <2S* v/y) fax rhr prr»rpoe^cc^te3ice.of anti-GM- 

CSF aStlBCruaS at 1 fOfm tHhrtin^ Tti^ *r+*ni\mtrrrj *r*Mty of prt*HlftiTWl 

DC was a s sessed by the eubewc^ient MLR for 4 days. |*HJTdR I 
Hon of culture of respooder cells alone was 104* 



TABLE VI 

precultured urttft rOM~CSF and the 2S-kDajQ£tor m 



Addition to 
MLBCaBan 


MLR { 


cpH) x lOT^SttBU 

Pl'CAiHlUQd 


flattrfbyDC 
Ok: . 


Cantaral 


TC3+CST 


as-vrt» farmr 


None 


11.3 




303 


hps 




37.7 




J/600. 


1&3 


32v4 


1/200 


12.4 


34.2 


31.3 


AnU-GM-CSF 








1/BOO 


8.9 


31.2 


31-9 


1/200 


2.9 


28.9 


28-2 



■One t norma nd of DC prccuhnrcd overnight (18 b) wtth or without 
rGW-CSF (200 U/W) or 25-icDa factor (25% v/v) were employed as stte» 
ubtor cells. MLR piccccded In'-tttc pjcvnrJ! or absence of &Kbcated 
" rtton of normal mbhtt Bcrucq (NRS) or autl-CM-CSF antuteruan. 
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MLR -ENHANCING FACTORS FROM MACROPHAGES 
TABLE VD 

Comparison c/ the affect o/ rGAfCSF, M$ supernatant rlUl and antUG&CSF antiserum an the BBLR tnCUc&&<K5% 
MSS medium with that tn RPW j64ChlO%FCS medium" 







to Culture 


MLR (cpm « 1 Of) tybon Cultured lu 








RPttQ 1640-1 OSS TBS 


Wo prttrxatmcait 






10,3 








+ 


2,6 


20.1 






33.7 


2fc\3 






+ 


7.1 


24.2 




N£ supernatant 




21-2 


27.3 




Mp oupernatant 




mo' 


23.9 








30.0 


31.6 




ru>3 




26.3 


30.0 


• rCM-CSP 






29.0 


22.4 






+ 


26.7 


24.1 


rtt>l 






28.7 


30.1 








27.0 


29.8 



"JSF vrtxc pretreaied with indicated factor? ayeralgbt and 1.3 x 10 s of the DC were cultured xnth. responds- T *^ f « {3 
fiJT! ^ U l^?^? nce OT ab3cnc * rf facta* either mCUeb's medium containing OStt NM5 or RP&&1640 tmrotcizKaated 
-gtth 10% FCS. Concentrations of factnra; rOM-CST. 1 ngAnUrttVI. 1TO U/ml; oup«r»aanU 29» v/V. Ab4W3S*CSF 
ttnttecrmn vaa also added to some culture at the dilution of 1/4O0. 



and M» was not necessary to detect enhancement of the 
MLR {Table I), ta such double chamber system, both 
syngeneic and allogeneic M$ exhibit' similar MLR-en- 
hanclng capacity. Aldehyde-fixed M<f> lose enhancing ca- 
pacity even when co-cultured with DC and T cells (not 
shown). 

The culture supernatant of freshly Isolated M# exhibits 
both MLR-erihancmg and LAP activities (Table H). Al- 
though this may appear to indicate that M$ did not re- 
quire the direct interaction with DC and/or T cells for 
secreting such factors, we suspect t>mt the procedure 
used to prepare M0 and their supernatant may serve as 
signals for factor production. The thlogJycoHate medium 
used to elicit PEC contains a variety of foreign Ag and 
LPS (11 ng/ml), and about 40 pg/ml LPS was detected by 
the Lunulas amoebocyte lyaate assay in dick's medium 
used for overnight culture. This amount of LPS may 
stimulate Mtf> to secrete cytokines. 

The MLR-enhancing activity of supernatant has 
been found to be due to two distinguishable categories of 
molecules. One Is most probably B>1» because it had a 
Mr -15 kDa and has thymocyte mitogenesis activity (Fig. 

1) . The other is a 25-kDa molecule whose activity is 
neutralized by rabbit antt-mouseGM-CSF antiserum (Fig. 

2) , but not by normal rabbit serum (not shown). Mouse 
rGM-CSF also has a similar enhancing activity in the 
allogeneic MLR {Fig. 2). Furthermore, concentrated M$ 
supernatant manifests a low but significant GM-CSF 
activity in a colony^ormlng assay for bone marrow cells 
in methylcellulose gel and this colony-forming activity is 
abrogated by and-GM-CSF antiserum (not shown). These 

_jnesults strongly suggest that the 25-kDa factor is CSM- 
CSF, though we cannot rule cut the presence of an MLR- 
enhancing factor which is different from GM-CSF but 
reacts with the anti-GM-CSF antiserum used in this 
study. There is the possibility that other factors, such-as 
fl>6 and TNF t produced by may enhance DC function. 

Both factors seem to act primarily on DC, because 
preculturlng DC, but not responder T cells, with either 
rGM-CSF , 25-kDa factor, or riL-1 augments the MLR to 
a comparable level to that seen in the continuous pres- 
ence of such factors In the MLR (Table IV, V, and VH). 
Addition of anti-OM-CSF antiserum to the precultuxe of 
DC with 25-kDa factor or CM-CSF abolished the effect of 
these factors on DC f unction (Table V). The augmentation 



of DC function induced by GM-CSF seems to be* related 
to the ability of DC to form clusters with T cells. 

Our data suggest thatGM-CSF and IL-1 affect DC func- 
tion independently of each other. The enhancing effect 
ofIL-1 on the MLR, that follows pretreaUuent of DC wtth 
or by continuous presence of IL-1 in the culture. Is not 
abrogated by and-GM-CSF antiserum (Table VD). Pur- 
thermare. TLrl Us efTecttve in augmenting the MLR both 
in RFMI-FB5 medium and in GUckVNMS medium, 
whereas GM-CSF Is apparently ineffective in our RPM3- 
FBS medium (Table VD). Recently. Witmer-Pack et aL 
( 1 7) reported that the addition of GM-CSF into the culture 
of freshly isolated epidermal LC resulted in the functional 
maturation of LC as stimulators or accessory cells, but 
not that Gftfl-CSF had no effect on the stimulatory func- 
tion of mature LC as cf splenic DC 

The reason that the effects of <5M-CSF and anti-GM- 
CSF antiserum are different in RPMI-FCS and in ChckV 
NMS medium is still unclear. FCS may contain some 
other factors than GM-CSF which activate DC, or bovine- 
GM-CSF activates murine DC but Is not neutralized by 
antj-GM-CSF antiserum used In this study. 

During the preparation of this manuscript, Morrissey 
et aL (18) reported that CM-CSF amplified the primary 
antibody response, suggesting that -GM-CSF enhances 
accessory cell function of spleen adherent cells. An ele- 
vated expression of Ka Ag was shown (16), but we found 
no increase In DC la Ag after precuBtuuns with GM-CSF or 
25-kDa factor (FA£S analysts; not shown). These incon- 
sistencies in the results may be due to the different 
accessory cell populations used in the experiments. 

Acknowledgment, We are deeply grateful to Dr. Diane 
Mochizukl of 1mm un eg Co. for providing us precious anti- 
GM-CSF antiserum. 
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Recombinant IL-12 Administration Induces Tumor 
Regression in Association with lFN-y Production 1 

Chet L. Nastala,* Howard D. Edington,* Thomas G. McKinney,* Hideaki Tahara,* 
Michael A. Nalesnik/ Michael f. Bmnda,* Maurice K. Gately,* Stan F. Wolf, 5 
Robert D. Schreiber,* Walter |. Storkus,* and Michael T. Lotze** 

♦Departments of Surgery, Molecular Genetics and Biochemistry, and Pathology, University of Pittsburgh, Pittsburgh, PA; 
♦Hoffmann La-Roche, Nutley, NJ; *Cenetics Institute, Cambridge, MA; and 'Washington University of St. Louis, MO 

Recent evidence supports the critical and proximate role of IL-1 2 in regulating both T and NK cell function during 
inflammation. In these studies, we evaluated the in vivo antitumor activity of murine IL-12 in murine adenocar- 
cinoma and sarcoma models using both systemic and peritumoral administration. Antitumor effects were consis- 
tently demonstrated both in models of microdisease, in which IL-12 treatment was initiated soon after tumor 
inoculation (1 to 5 days), and in animals bearing large established tumors (7 to 74 days). Treatment with IL-12 
markedly prolonged survival and, in most cases, caused complete tumor regression. Significant reduction in 
pulmonary metastases after systemic treatment was observed when treatment was delayed for 10 days after tumor 
inoculation. Increases in serum JFN-y, TNF-a, and nitrogen oxides were demonstrated, exceeding those observed 
with 11-2 treatment. Systemic administration of anti-IFN^y Abs before IL-12 treatment nearly completely abrogated 
the antitumor effect in experiments using subcutaneous tumors or pulmonary metastases. Depletion of the indi- 
vidual T cell subsets CD4 and CD8 by systemic administration of nrtAbs diminished the effectiveness of IL-12.when 
administered in combination. An infiltrate composed primarily of CDS + + cells was demonstrated by using im- 
munohistochemical analysis of tumors after IL-12 treatment. Minimal apparent toxicity was demonstrated at ef- 
fective doses (0.1 to T.O Mg/tlay) of IL-12. These results indicate that IL-12 is an effective and minimally toxic 
antitumor agent in murine tumor models and leads to an immune-mediated rejection involving, at least in part, 
IFN-y, CD4 + , and CD8 + cells. Human clinical trials of IL-12 for the treatment of malignancy are supported by 
these studies. The Journal of Immunology, 1994, 153: 1697. 



IL-12 was originally identified as a NK cell stimula- 
tory factor (1) and a CTL maturation factor (2). The 
ability of this disulfide-] inked heterodimer to regulate 
both T and NK cell function has been clearly established 
(3-5). Composed of two distinct subunits with molecular 
masses of 35 kPa and 40 kf>a (6), the cDNAs encoding 
both subunits have recently been cloned and confirmed to 
produce biologically active IL-12 when expressed in COS. 
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cells (7). Secreted by macrophages and some B-ceU fines, 
Hr\2 induces NK and T cells to produce IFN-y at high 
levels (4) and TNF-a to a lesser degree. In addition, IL-12 
enhances NK lytic activity, alloreactfve lymphocyte re- 
sponses, and highly specific cytotoxic T cell responses (5). 
IL-12 not only facilitates a Th-J cellular immune response 
(8), but also inhibits differentiation of Th-2 lymphocytes. 

Because human IL-12 is species specific, murine studies 
were precluded until the recombinant protein became 
available (9). Administration of recombinant murine IL-12 
(r-mIL-12) J has in vitro effects similar to those observed 
with human IL-12, such as the ability to generate lympho- 
k trie-activated killer T cell activity and induce I FN- 7 pro- 
duction from murine NK and T cells (10). In addition to its 
potent immune effects in vitro, recent experiments using 
systemic administration of IL-12 have demonstrated 



* Abbreviations used in this paper r-m recombinant murine I f 2; GKO, 
gamma-lfN gene knockout: BIO, twice dairy; EUSA, enzyme* I inked immunosor- 
bent assay. 
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potent antitumor responses in models of local and meta- 
static disease. (11, 12) Furthermore, evaluation of these 
effects using nude mice and lymphoid subset depletions 
provide preliminary evidence for an immune-mediated 
phenomenon. In this report, antitumor effects of IL-12 are 
confirmed in a variety of tumor models. We demonstrate 
that both dose and timing of administration are important 
in determining the degree of antitumor response. The cel- 
lular infiltrate in these regressing tumors is characterized 
through immunohistochemical staining by a predominant 
increase in CDS'*' lymphocytes. The antitumor response is 
sensitive' both to sublethal irradiation and to CD4 com- 
bined with CD8 in vivo lymphocyte depletion with mAbs, 
Systemic treatment with IL-12 also induces high serum 
levels of I FN- y, which are associated with tumor regres- 
sion. Abs to lFN-y f but not TNF-a, were able to reduce 
substantially the effectiveness of IL-12 therapy. Thus, 
IFN-y may also be, in part, responsible for the antitumor 
properties of IL-12. 

Materials and Methods 

Mice 

Female C57BL/6 mice were purchased from The Jackson Laboratory 
(Bar Harbor, ME). Animals were age matched at 8 to 12 wk in all ex- 
periments and boosed in groups of five. Routine periodic surveillance for 
mycoplasma and murine viruses was conducted in the Centra] Animal 
Facility* University of Pittsburgh. 

Tumor cell lines ' 

The MC-3S cell line was originally derived from a colon adenocarci- 
noma. The MCA- 105 and MCA-207 methychobnthrenc-induced sarco- 
mas were obtained from the National Cancer Institute (S. Rosenberg. 
Bethcsda, MD) and maintained by serial transplantation in mice (13). 
Tumor tines were maintained as adherent cultures derived from harvest- 
ing fresh tumor specimens approximately 5 mm in diameter and digesting 
them with DMase, collagenase, and byaluronidase (Sigma Chemical Co., 
SL Louis, MO) to oblain single-cell suspensions as previously described 
(14). Cell f/oes were maintained in vitro in RPMI 1640 medium supple- 
mented with 10% heat-inactivated FCS, 2 mM glut am inc. 100 ftg/ml 
streptomycin, 100 lU/ml penicillin, and 5.5 X ]0" 5 M 2-ME (ail from 
Life Technologies, Inc., Grand Island, NTY). Cell Vines were tested peri- 
odically by using a DNA hybridization probe (GrncProbc, Fisher Scien- 
tific, Pittsburgh, PA) and remained free from mycoplasma. 

Cytokines and detection assays 

The r-mIL- 12 was kindly provided by Dr. B. Hubbard (Genetics Institute, 
Cambridge, MA). It was purified from the supernatants of Chinese ham- 
ster ovary cells transfected with the expression plasm Ids for p35 and p60. 
The specific activity was 5 to 7 X If/ U/mg as determined by the PHA 
blast proliferation assay previously described (15). SDS-PAGE analysis 
indicated that the IL-12 was ^95% pure, and endotoxin contamination 
was <5 unitsAng IL-12, as assessed by the Limuluj amebocyte assay. For 
in vivo administration, IL-12 was diluted in O.Iflfi mouse albumin carrier 
protein. Highly purified recombinant human TL-2 with a specific activity 
of 18 X 10* International Units/mg was obtained from A. Louie (Chiron, 
Emeryville, CA; 16, 17). IFN-y and TNF-a scrum measurements were 
obtained using EJJSA kits purchased from Genzyme Corp. (IFN-y-Cam- 
bridgc, MA) and Life Technologies (TNF-ar). Total serum nitrite was 
measured using HPLC determination of NO a + NO a levels. 

Blocking Abs 

Murine mAbs to IFN-y and TNF-a were produced by R. Schreiber as 
previously described (18). Mice were injected i.p. with 1 ml of purified 
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Ab (0.25 mg/rol) before cytokine treatment After Ab treatment, levels of 
each specific cytokine were undetectable by ELI SA, even under appro- 
priate inducing conditions. Anti-CD4 (ATCC done GKU, rat lgG2b) 
and An»'-CD8 (ATCC clone 2.43, rat IgG2b) mAbs were prepared as 
previously described (1 1). These Abs were administered as ip. injections 
(1 nig) IS b before cytokine treatment. Standard two-color flow cytom- 
etry was performed using FACScan (Becton Dickinson, Mountain View. 
CA), verifying depletion of specific cell subsets in the spleen after the 
administration of blocking Abs. 



(mmunohistochemistry 

Tumor specimens were snap frozen and harvested 5 to 7 days after IL-12 
or diluent treatment. Cryostat cut sections were fixed in cold acetone, 
hydratcd in PBS, and incubated in protein blocking solution (Upshaw 
Immunon, Pittsburgh, PA) for 8 min. They were then incubated overnight 
at 4°C with rat mAbs directed against mouse CD4, CD8, NK cells, or 
macrophages (MOMA-2, Scrotcc Ltd., Gxon, UK). Isotypc-malched rat 
IgO was used as a negative control. A biotinylated mouse primary Ab 
against I-A b was also employed. In this case, an irrelevant biotinylated 
mouse. mAb (AnU-BRDU, Caltag Laboratories, San Francisco, CA) was 
used as a negative control. Positive tissue controls consisted of frozen 
sections of spleens from B10 and BALB/c mice. After buffer washes, 
endogenous peroxidase activity was quenched wilh 0.6% H 2 0 2 in meth- 
anol. Species-absorbed biotinylated mouse anti-rai Ff^ab*)^ (Jackson Im- 
mune research Labs, Inc., West Grove, PA) was applied to sections in- 
cubated with unlabeled primary Abs, followed by streptavidin peroxidase 
(Boehringer Mannheim, Indianapolis, IN) and 3'-ammo-9*ethylcarbaz>oJe 
(Biomeda Corp., Foster City, CA). In the case or anti-l-A b and its neg- 
ative control, the biotinylated secondary Ab was eliminated. Sections 
were coun I e retained with hematoxylin and mounted in CrystalMount 
(Biomeda Corporation). 



Animal experiments 

Groups of 5 to 10 mice were ear tagged and randomized before inocu- 
lation with the syngeneic tumors MC-38 adenocarcinoma, and MCA- 105 
and MCA-207 mtthylcholanthrcnc-induced sarcoma (1 to 5 X 10 s celts) 
s.c. Treatment with peritumoral or i.p. dairy injection of IL-12 (0.1 to 1.0 
jxg/day) was initiated on various days postmoculation. Serial microcali- 
per measurements of perpendicular tumor diameters were obtained in a 
blinded fashion, were used to calculate tumor volume (mm 3 » longest 
diameter X shortest diameter 2 ), and were subsequently verified in some 
experiments by weight. In experiments involving tumors inoculated on 
both flanks, one side received daily IL-12 injection while both the ipsi- 
la feral and contralateral sides were monitored for tumor growth. Mouse 
serum was obtained during the experiments through tail vein phlebot- 
omy. Depleting Ab was administered by tail vein or i.p. injection 18 h 
before cytokine treatment as indicated in figure legends. 



Pulmonary metastases model 

Pulmonary metastases were seeded by direct tail vein injection of I J to 
5.0 x 10 s cells suspended in 0.5 ml serum -free BSS. Blocking Abs were 
administered i.v, 18 h before initiation of cytokine treatment Ear tags 
identified mice for randomization into treatment groups receiving daily 
Lp injections of diluent vs cytokine from day 7 to day 14, alone or in 
combination with IL-2. Animals were killed on day 21. and lungs insuf- 
flated with 15% India ink and bt cached m Feketes solution (19) to enu- 
merate pulmonary metastases. 



Statistical analysis 

Calculated tumor sizes were compared for each group and compared with 
other groups using a standard nonparametric WUooxon rank test. Differ- 
ences were considered significant when p < .0.05. 
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FIGURE 1. IL-1 2 significantly delays tumor growth in mice 
bearing s.c. tumors and significantly prolongs survival, tn this 
series of studies, the effect of peritumoral administration of 
IL-1 2 on MCA- 105 tumor growth is demonstrated in animals 
treated on day 1 postinocuJatton (A, DJ), on day 5 (d, D5). 
and on day 14 after tumor Inoculation [C, D14). The period 
of daily IL-12 injections corresponds to the open arrows lo- 
cated on the abscissa. Tumor volume is presented for groups 
of 5 mice using the product of microcaliper-determined per- 
pendicular diameters obtained in a blinded fashion from 
mice randomized by ear tag number. Error bars in each graph 
represent mean ± SEM. In Figure 1A, all mice treated at the 
highest dose of IL-12 (1.0 pg/day) failed to develop palpable 
tumor, whereas two of five animals treated at a lower dose 
(0.1 jig/day) developed palpable tumors that subsequently 
regressed. Treatment initiated on day 5 (Fig. 1 B) was associ- 
ated with initial tumor growth in all animals, and subsequent 
tumor regression. A day- 14 tumor model is presented in Fig-* 
ure 1C 'n which animals bearing a substantial tumor burden 
(approximately 1 cm) are treated al doses of IL-12 ranging 
from 0.2 /ig to O.OOB /ig daily from day 14 through day 21. 
At the highest doses tested in this experiment (0.2 itg'day) 
and in subsequent experiments (1 .0 ^g/day), virtually a)l of 
these larger tumors underwent regression. A dose-response 
relationship was observed in this experiment. A survival 
curve is presented in the inset demonstrating a prolonged 
survival to day 40 In animals treated at higher doses. No 
survival data is presented for Figures 1, A and 8 as treatment 
was associated with prolonged survival in all cases until an- 
imals were killed or rechaUenged with parental tumor. Ex- 
periments were repeated a minimum of two limes for each 
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Results 

IL-12 administration causes regression of s.c. MC-38 
and MCA-105 sarcoma and prolongs survival in 
established tumors 

In a series of studies using peritumoral administration of 
IL-12 after sx. inoculation of tumor, antitumor effects 
were demonstrated in each of 18 experiments. Figure 1,* 
through C demonstrates the effect of daily peritumoral in- 
jection of r-mIL-12 on the progression of MCA- 105 sar- 
coma. When treatment was initiated early (day I, Fig. 1A% 
animals failed to develop tumor at the highest dose ad- 
ministered (1.0 jig/day). At lower doses, initial tumor 
emergence was frequently seen as a palpable lesion that 
subsequently regressed. Treatment beginning on day 5 was 
associated with development of a palpable tumor; how- 
ever, tumor growth was significantly delayed and regres- 
sion was demonstrated in the majority of cases (Fig, IB). 
Animals bearing large established tumors (approximately 
1 cm) were randomized and treated beginning on day 14. 
In these animals, virtually all of these larger tumors un- 
derwent regression at the highest doses of IL-12. A dose 
response relationship was demonstrated from 0.2 to 
0.008 pig daily (Fig. 1C). The inset demonstrates the cor- 
responding increase in survival of the treated animals. Sur- 
vival curves are not presented for Figures 1, A and B as 
treatment was uniformly associated with survival, whereas 
diluent-treated controls ail succumbed to tumor progres- 
sion. Experiments were repeated a minimum of two times 
for each condition, demonstrating the reproducibility of 
these antitumor effects. Additional experiments demon- 
strated systemic effects of IL-12 administration; in animals 
inoculated with bilateral tumors, regression occurred not 
only in the tumors directly injected with IL-12, but also in 
the contralateral tumors (Fig. 2). In studies comparing the 
systemic (i.p) route of administration vs the peritumoral 
route, antitumor effects were equivalent (data not shown). 
Table I lists experiments with several tumor models that 
demonstrate partial to complete antitumor responses in an- 
imals treated with IL-12. In 7-day established tumors, 
complete tumor regression was documented in most cases. 
Significant tumor regression was also demonstrated in 
day-14 models at the highest doses. The subsequent ability 
to reject' 1 X 10 6 cells intradermally was noted in the ma- 
jority of animals tested after complete tumor regression. 

Systemic ILy12 administration significantly reduces 
MC-38 pulmonary metastases in advanced 1 0-day 
treatment models 

To determine whether the antitumor effect of IL-12 could 
be extended to a model of metastatic disease, experimental 



condition with simitar antitumor effects seen. In some cases, 
animals were killed for immunohistochemical analysis of 
growing or regressing tumors. 
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TREATMENT WITH INTERLEUKIN-J2 
SUPPRESSES IN VIVO TUMOR GROWTH 




CONTROL GROUP 1NTERLEUKIN-I2 

[Xiy 2 \ lurmH Day *l tumnr 
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FIGURE 2. Treatment with IL-12 suppresses in vivo tumor 
growth. Groups of 10 animals were injected on day 0 with 
bilateral tumors located on each flank. Animals were injected 
peritumorally.in the rifiht flank with 1 /ig IL-12 or diluent 
daily from day 5 through 1 2 after tumor inoculation (MCA- 
105 sarcoma, 1 X 10** cell/inoculum). Regression was ob- 
served both in the tumor treated directly and a sentinel tumor 
on the contralateral (left) flank. Conlrot animals showed pro- 
gressive bilateral growl h of tumors. Animals above were 
photographed on day 21. 



pulmonary metastases were established by injecting ani- 
mals with I to 5 x 10" MC-38 adenocarcinoma cells on 
day 0. Treatment of experimental pulmonary micrometas- 
tascs with systemic IL-12 was inilinled beginning on day 
10 post inoculation. In a scries of day- 10 models, pulmo- 
nary metastases were significantly reduced after systemic 
treatment with IL-12 ai a dose of 1 fig/day (Fig. 3, group 
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2 vs 1, p « 0.05). Systemic IL-2 caused effective reduc- 
tion of pulmonary metastases in this model when admin- 
istered at high dose (group 4 vs 1, p < 0.05) although 
associated with toxic systemic effects. The combination of 
these individual cytokines at low doses was ineffective un- 
der these conditions. Repeat experiments confirmed a 
72% ± 14% reduction in pulmonary metastases with 
IL-12 treatment alone (p < 0.05, // = 5). 

In vivo IL-12 administration is <issociated with 
elevated serum IFN*y and nitric oxide levels 

Serum IFN-y levels became detectable as early as 12 h 
after a single administration of i.p. 1L-J2.' When deter- 
mined after chronic daily IL-12 administration, IFN-y lev- 
els remained significantly and dramatically elevated dur- 
ing therapy (p < 0.001) and declined after discontinuation 
(Fig. 4). TNF-a was detectable in treated animals only at 
low levels after chronic IL-12 administration. Similarly. 
IL-12 treatment led to elevated serum total nitrite arid ni- 
trate levels approximating those observed in sepsis or se- 
vere inflammation. Nitrate levels remained elevated for 48 
h after discontinuation. Similar profiles of scrum cytokine 
elevation were observed in tumor-bearing animals. 

Immunohistochemical evaluation of regressing 
tumors is characterized by a predominantly CD8 4 
cellular infiltrate 

After staining of MCA-207 sarcoma with mAbs to T cell 
subsets. NK, macrophage, and class I) cell surface mark- 
ers, a specific cellular CD4 and CDS infiltrate was iden- 
tified. Overall, the CD8/CD4 ratio was 20:1 to 40:1, with 
the highest concentration of CDS * cells in the periphery of 
the tumor. The infiltrate was characterized by perivascular 
chronic inflammation of predominantly CD8 + lympho- 
cytes (Fig. 5). Tumors graded in a blinded fashion dem- 
onstrated significanl differences in numbeT of CD8* infil- 
trating cells with no significant difference in the degree of 
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FIGURE 3, Reduction in MC-38 pulmonary metastases af- 
ter IL-12 treatment alone or in combination with low-dose 
IL-12. Pulmonary metastases are assayed on day 24 after 7 
days of cytokine therapy initiated on day 10. Cytokine Injec- 
tions in this experiment were administered l.p. at doses pre- 
sented along the abscissa and were given twice daily to allow 
randomization with and comparison to IL-2 therapy. Mean 
number of metastases per group ± SEM are presented as hor- 
izontal dashes with error bars. Each animal in this experiment 
is represented by an open circle. This graph is representative 
of three experiments with the groups listed from left to right 
as follows: diluent control; IL-12 0.5 /*g BID; IL-12 O.05 /tg 
BID; IL-2 100K IU BID; IL-2 10K IU BID; combination ther- 
apy with IL-12 (0.5 pg) and IL-2 (10K 1U)BID; combination 
therapy with IL-12 (0.05 /ig) and IL-2 (10K IU) BID. High 
dose IL-1 2 treatment (0.5 fig/mouse bid) alone significantly 
reduced the number of metastases (p < 0.05) whereas low 
dose had no effect. Systemic IL-2 given in this fashion also 
substantially reduces the number of pulmonary metastases at 
high dose but not low dose. Although the combination of 
cytokines was effective at the highest dose, the tower dose 
remained ineffective in combination. 



NK or macrophage infiltrate. Interestingly, this lympho- 
cytic infiltrate differs from the characteristic dense infil- 
tration of macrophages surrounding regressing tumors af- 
ter IL-12 treatment delivered by genetically engineered 
fibroblasts in our previous report (20). 

Depletion of both CD4 and CD8 subsets reduce the 
IL-1 2-induced antitumor response to MCA-207 

Because immunohistocfaemical data demonstrated a sig- 
nificant T cell infiltrate, the effect of depleting T cell sub- 
sets on tumor growth was examined. In an initial series of 
experiments, anti-CD4 and anti-CD8 Abs were adminis- 
tered before 11^12 treatment of MC-38 and MCA 207 tu- 
mors. Phenotypic analysis of peripheral blood and splcno- 
cyte populations, using standard two-color flow cytometry 
after Ab administration, confirmed >95% depletion of tar- 
geted lymphocytes. Although the control populations of T 
cell subsets were small (6.3-10.9% for CD8 + , and approx- 



imately double that for CD4 + ), spleens from depleted an- 
imals yielded T ceil subset values below the limits of 
detection (0.12-0.23%), confirming >95% depletion. Se- 
lective depletion of the individual T cell subsets, CP4 and 
CD8, had no effect on the antitumor response induced by 
IL-12 in each of three separate experiments. However, 
when these Abs were administered concomitantly, near 
complete loss of antitumor activity was seen (Fig. 6). Sim- 
ilar results were confirmed in repeat experiments. Iramu- 
nosupression associated with sublethal total body irradia- 
tion (700 red) increased the rate of tumor growth 
compared with control, and substantially abrogated the ef- 
fectiveness of IL12 treatment (Fig. 7). ' 

Antibodies against IFN-y but not TNF-a block ability 
of IL-12 to cause regression of s.c, tumors and 
partially reduce effectiveness of IL-12 against MC-38 
pulmonary metastases 

Neutralizing effects of mAbs against IFN-y or TNF-a 
have been previously characterized (18). In our experi- 
ments, differential effects of blocking Abs on the antitumor 
effects of IU2 were noted (Fig. 8). Significant inhibition 
of these effects in s.c models was observed with admin- 
istration of anti-IFN but not anti-TNF Abs (p < 0.01, 
IL-12 + anti-IFN vs IL-12) from days 29 through 35. Ad- 
ministration of these Abs to tumor-bearing animals in the 
absence of IL-12 therapy consistently accelerated tumor 
growth compared with diluent controls, as shown. In sim- 
ilar Ab blocking studies using the 10-day MC-38 pulmo- 
nary metastases model (Fig. 9), effectiveness of systemic 
IL-12 was demonstrated in groups 2, 3 and 4 vs 1 (p = 
0.02, 0.04, and 0.02, respectively) and approached signif- ■ 
icance (p = 0.07) for group 5, in which the combination 
of anti-IFN and anti-TNF was used. In this model, anti- 
IFN and anti-TNF Abs alone or in combination demon- 
strated a trend toward reduction of the effectiveness of 
XL-12 (p = 0.19, 2 vs 3). 

Discussion 

In these studies, we demonstrate patent antitumor effects 
of IL-12 in a variety of tumor models, which in aggregate 
suggest an immune-mediated mechanism. IL-12 treatment 
was effective in animals bearing s.c. tumors or metastatic 
disease, consistent with previous observations (11, 12). 
The antitumor effect was seen with both systemic and peri- 
tumoral injection, causing regression even in tumor mod- 
els as late as day 14. We further demonstrate that some 
components of the specific immune response are required 
for the antitumor effects. IL-12 administration was asso- 
ciated with dramatically increased serum levels of IFN-y, 
consistent with recent reports of the in vivo immunologic 
effects of IL-12 (21), as well as increased TNF-a and nitric 
oxide levels. Evidence suggests that IFN-7 may be a prox- 
imate mediator of these effects. Furthermore, T cells are 
clearly implicated in these antitumor effects, demonstrated 
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FIGURE' 4. .Induction of IFN-y, TNF-a, and nitric oxide following in vivo administration of IL-1 2. Presented in this series of 
figures are cytokine and total nitrogen oxides (serum nitrate + nitrite) levels on day 3, 4, and 7 from nontumor bearing animals, 
n = 5 per group. In vivo administration of IL-1 2 is associated with significantly increased levels of a variety of cytokines known 
to possess both antitumor and antimicrobial effects. Among these are IFN-y, TNF-a and nitric oxide, as measured by its stable 
end products nitrite and nitrate. These animals were treated for 5 consecutive days with i.p. IL-12 1.0 fig/day. Serum IFN-y 
levels are detectable in high levels after 3 to 4 days of IL-12 administration (left panel). Elevated levels become detectable as 
early as 6 h after administration (data not shown). Two days after discontinuation, levels fall below the limit of detection. 
Control animals exhibit no detectable amounts of IFN-y. Serum TNF-a {center panel) becomes detectable only at low levels 
after chronic administration in treated animals {day 3 in this experiment) and is undetectable in vehicle controls. Nitric oxide 
end products (right panel) become elevated as early as day 3 and remain elevated for 48 h after discontinuation of IL-1 2 {right}. 



by phenotypic and functional analysis. PeritumoraJ C08 + 
infiltration was present in vivo and systemic blocking Abs 
abrogated these effects. 

In our experiments, specific depletion of both lympho- 
cyte subsets, CD4 and CDS, was required to abrogate the 
antitumor effects of IL-12. This is in contrast to the find- 
ings of others that show CD8 + depletion alone caused a 
partial reduction in antitumor activity in a murine renal 
cell model (11). Despite confirming the extent of subset 
depletion by phenotype analysis, it is possible that the 
splenocyte compartment did not reflect the adequacy of 
functional depletion. Our results, which demonstrate sub- 
stantially reduced antitumor effects after simultaneous de- 
pletion of both T cell subsets, suggest that CD4-provided 
T cell help may be important in Ibese effects. This finding 
supports a previous observation that the efficacy of IL-12 
is reduced in nude mice but not entirely eliminated (11). 
Immunosuppression induced by high-dose total body irra- 
diation inhibits these effects as well. 

Our studies demonstrate that anti-IFN-y but not anti- 
TNP-a Abs cause a loss of antitumor effects, suggesting 
that IFN-y may also, in part, be responsible for the anti- 
tumor effects of IL-12. Although previous studies have 
shown that administration of IFN-y alone may cause tu- 
mor regression and antiproliferative effects, its antitumor 
effects aic much less pronounced than those reported here 
with IL-12. Additionally, in tumor models used in these 
studies, IFN-y has no significant effect on cultured tumor 
cells (data not shown). Thus, although it may be possible 
to attribute the antitumor effects to these models to the 
dramatic elevations in systemic IFN-y, it is unlikely to be 
solely the direct mediator of these effects. Significant ab- 



rogation of IL-12 activity by using neutralizing anti-IFN-y 
Abs suggests that IFN-y may be a more proximate medi- 
ator while a variety of end-effector mechanisms may be 
involved. 

The mechanism whereby IL-12 mediates its antitumor 
effects would be anticipated to involve multiple factors, 
including the activation and expansion of cellular immune 
circuits as distinguished from humoral. Cellular responses 
are promoted through specific augmentation of the lytic 
activity and proliferation of CTL clones in vitro (5) and 
the ability to induce preferentially Th-t-iype cells from 
naive precursors (8). Recently,, the notion of IL-4 and 
IL-12 reciprocally modulating the development of ThO 
cells has been presented (22), as both ThO and Th2 cells 
appear to make IL-4. Because IL-12 is both a growth fac- 
tor for activated T and specific CTL clones (5) and also 
serves to promote the generation of Ag-specific CTL in 
vitro and in vivo, one might expect the predominant ef- 
fectors to be T cells. This is suggested by the significant 
CD8 + infiltration in all tumors derived from IL-12-treated 
animals. Additional evidence is suggested by depletion of 
both CD4 and CDS subsets abrogating antitumor activity. 
Although depletion of NK cells with asialo-GMl has little 
effect on the observed antitumor response, IL-12 may po- 
tentially enhance lysis of tumor cells mediated by IAK/ 
NK, Ab-dependent cell-mediated cytolysis (23), as well as 
activated monocytes. 

Why should IL-12, a cytokine promoting cellular im- 
mune responses and IFN-7 induction, have more potent 
effects than IFN-y alone, if the antitumor effects are 
caused solely by IFN-y production? First, this discrepancy 
may be explained by the difficulty of achieving adequate 
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FIGURE 5. Immunohistochemical evalu- 
ation of regressing s.c, tumors reveals a 
specific CD8 and GD4 cellular infiltrate. 
Tumors were harvested from 5 to 7 days 
after initiation of cytokine treatment. Fresh 
frozen specimens were evaluated using a 
panel of murine specific Abs to CD4, CD8, 
monocytes, NK cells, and MHC class II de- 
terminants. These tumors were evaluated 
by an independent pathologist blinded to 
the treatment given. Specific cellular infil- 
trate in IL-12-treated tumors consisted of a 
predominantly CD8* infiltrate surrounding 
the tumor and a variable number of posi- 
live staining cells penetrating the tumor. In- 
creased numbers of CD4* cells were also 
present in treated tumors; however, the 
CD8:CD4 ratio ranged from 20:1 to 40:1 . 
In Figure 5A a representative diluent-in- 
jected control animal shows minimal peri- 
tumoral inflammation. At medium power 
magnification {100 X), theanti-CD6 immu- 
nohistochemical stain demonstrated a sig- 
nificant peritumorat infiltrate (Fig. 58, right 
arrow). 
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local production of I FN- 7 with systemic administration. 
Factors limiting the effectiveness of IFN-y in vivo include 
its short half-life (24), requiring frequent dosing, and sys- 
temic toxicity which may prevent optimal in situ IFN-y 
production necessary for tumor eradication. Second, 
IFN-y may exert its effects by augmenting the immune 
response in several ways: increasing Ag presenting capa- 
bility by up-rcgulating both MHC class I and class II Ags, 
(25, 26), by activating macrophages (27), and by enhanc- 
ing growth and differentiation of CTL (28-30). These ef- 
fects may be enhanced by the differential kinetics of JFN-y 
production when it is induced by Ihe appropriately ma- 
tured cells after chronic IL-12 administration and is active 
in situ over a longer time frame, rather than when directly 
administered. A variety of studies using tumors genetically 
engineered to produce IFN-y have shown local IFN-y se- 
cretion may be critically important in inducing an antitu- 



mor response (31). In models of gene transfection into 
neuroblastoma (32), fibrosarcoma (33), and Lewis lung 
carcinoma (34), these tumors display reduced lumorigc- 
nicity and facilitate Ihe induction of specific antitumor im- 
munity, whereas anti-lFN-y Abs suppress these antitumor 
effects. These effects could potentially be explained by 
low-dose cytokine that remains in situ over a longer time 
interval. Previous studies have demonstrated that neutral- 
izing Abs to IFN-y may also abrogate the antitumor effects 
of peril u moral 1L-2 injections (35), ablate the antitumor 
effects of TIL (36), inhibit the ability of tumor draining 
lymph nodes to reduce pulmonary metastases (37), and, 
when given alone, may enhance tumorigen icily. (38) Thus, 
the effectiveness of IL-12 therapy may involve not only 
the local production of IFN-y, but also additional cytokine 
cascades which affect chcmotactic activity or cellular ac- 
tivation critically important in antitumor responses. 
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FIGURE 6. Selective lymphocyte depletion of both eel Mar 
subsets CD4 and CDS abrogates the activity of lt-1 2 in the 
treatment of MCA-207 tumors. Anti-CD4 and antl-CD8 Abs 
were administered i.p. on day 6, 1 8 h before the initiation of 
IL-1 2 treatment on day 7. Abs were administered at a dose of 
1 mg each or in combination. Depletion of cellular subsets 
>95% was confirmed (see results section) in selected ani- 
mals using standard flow cytometry techniques employing 
splenocyte mononuclear cells. While pretreatment with ei- 
ther Ab alone did not reduce effectiveness of IL-T 2, the com- 
bination of the two Abs administered together blocked IL-1 2 
antitumor effects. Depletion using anti-asGMI had no signif- 
icant effect on the antitumor activity of 1L-12. 



1L-12 may alter selected properties of tumor cells that 
contribute to their ability to evade an immune response. 
By increasing the cytolytic activity of T and NK cells, 
altering the production of other cytokines, causing lym- 
phocyte proliferation and emigration into tissues, or bias- 
ing the relative number of CD4 and CDS cells present, 
IL-12 may enhance local immune reactivity. Several cy- 
tokines, such as 11^2 and IL-12, facilitate the generation of 
human CTL in vitro. IL-12 plays a central role regulating 
lymphocyte function, and number by acting as an IL-2 in- 
dependent growth factor for CD4 + and CD8 + mitogen 
activated T lymphocytes (10); and enhancing the prolifer- 
ative response of appropriately activated T cells to IL-2. 

IL-12 also induces the production of nitric oxide in 
vivo, an effector molecule important in the host aatipara- 
site relationship which may also be critical in antitumor 
cellular cytotoxic mechanisms (39). Studies examining the 
relative importance of nitric oxide in the IL-2 induced an- 
titumor response vs its toxic side effects demonstrate that 
aminoguanidine, an inhibitor of nitric oxide production, 
decreases the toxic effects of IL-2 without affecting anti- 
tumor activity (Lotze, unpublished observations). IL-12 
induces nitric oxide serum elevations comparable to levels 
seen in sepsis, equivalent lo or greater than after treatment 
with IL-2. The apparent toxicity of IL-12 is far less, indi- 
cating that nitric oxide production may not be the principal 
mediator of toxicity. Although mice with disrupted gamma 
IFN genes (GKO) (40) do not produce IFN-y in response 
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FIGURE 7. Radiation sensitivity of IL-12 therapy. Animals 
were irradiated with a sublethal dose (700 rad) on day 6 after 
tumor inoculation of 1 X 10 5 MC38 tumor cells, one day 
before treatment with systemic IL-1 2 (1 $ig/day as indicated 
by the horizontal bar on the abscissa) Irradiation alone in- 
creased the rate of tumor growth compared with control. 
Three of five animals died in the irradiated untreated group 
accounting for the low standard erreor presented. After irra- 
diation and subsequent treatment with IL-12, all animals sur- 
vived until day 32, but were killed with large, ulcerated tu- 
mors. When analyzed until day 25, IL-1 2 did not significantly 
affect tumor progression in irradiated animals, IL-12 treat- 
ment in nonirradiated controls significantly diminished tu- 
mor growth (p ^ 0.05, days 28, 32). These results were con- 
firmed in a repeat experiment. 



to EL- 12, they do exhibit other systemic effects observed 
after IL-12 administration, such as a significant increase in 
splenic weight indicating that at least some effects of IL-12 
are independent of IFN-y production (Lotze, unpublished 
observation). Whether the antitumor response is unpaired 
in these animals demands investigation; however, the de- 
velopmental and immunologic compensatory mechanisms 
in these mice will add considerable complexity to the de- 
sign and interpretation of such studies. 

Previously, IL-2 has been considered the prototypic cy- 
tokine for in vivo cytokine immunotherapy. Although it 
causes regression of established tumors in a minority of 
patients (43) and in experimental animals, (42) severe tox- 
icities are associated, with IL-2 administration, largely 
linked to high levels of 11^2-induced serum TNF-o. (43) 
Large quantities of TNF-a production in vivo have been 
demonstrated to result in cachexia, capillary leak syn- 
drome, and hemorrhagic necrosis. In contrast, IL-12-asso- 
ciated toxicity in vivo appears minimal. This may, in part, 
result from the fact that serum levels of TNF-o induced by 
IL-12 are far less than those induced by IL-2. Conse- 
quently, IL-12 is an attractive candidate for clinical trials 
by virtue of these in vivo studies demonstrating antitumor 
effects associated with minimal toxicity. In vitro data, sug- 
gesting potential synergistic effects with IL-2, may also be 
a strategy for optimizing immunothcrapeutic approaches 
using lower concentrations of individual cytokines. As the 
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FIGURE 8. Cytokine depletion alters IL- 1 2 effect on subcu- 
taneous tumors. Anti-lFN-y and anti-TNF-or Abs were admin- 
istered. on day 6 following inoculation of 3 X 10 s MC-3B 
sarcoma cells, 1 8 h before the initiation of IL-1 2 treatment on 
day 7, and carried through day 14 (0.5 j*gftf). IL-1 2 treatment 
alone or in combination with previous administration of anti- 
TNF Abs demonstrated consistent antitumor effects (closed 
circles, closed triangle, respectively). When anti-IFN-y Abs 
were administered before IL-1 2 treatment, antitumor effects 
were significantly reduced (closed squares) with tumor pro- 
gression not significantly different from the control group. 
Abs to IFN-y or TNF-a alone significantly accelerated tumor 
growth compared with vehicle alone. Animals were killed 
where indicated (*) because of progressive growth of tumor. 
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FIGURE 9. Depletion of IFN-y in combination with TNF-a 
partially decreases the antitumor effect of IL-1 2 on pulmonary 
metastases. Animals received systemic treatment with IL-1 2 
beginning in day 10 after tail vein injection of tumor. Pul- 
monary metastases were assayed on day 24 after 7 days of 
cytokine therapy initiated on day 10. Eighteen hours before 
treatment, animals received a single dose of 1 mg of deplet- 
ing Ab to IFN-y or. TNF-a as noted in the figure. Croups 2 
through 4 (left to right) received IL-1 2 treatment alone or in 
combination with blocking Abs. A significant decrease in 
mean number of metastases was demonstrated for groups 2, 
3 and 4 (p = 0.02, 0.O4 and 0.02, respectively) vs control 
(group 1). In animals receiving a combination of the two Abs, 
the effectiveness of IL-1 2 was reduced (p = 0.O7 for group 
5 vs 1 ). In animals receiving depleting Ab, the specific cyto- 
kine was not detectable in serum. While the effectiveness of 
IL-1 2 in reducing pulmonary metastases was partially re- 
versed with anti-IFN-7 Abs, this did not reach statistical sig- 
nificance (p 0.19, 2 vs 3). 



mechanism of IL-1 2 antitumor activity is more clearly de- 
fined, appropriate combinations of cytokines can be inves- 
tigated systematically. Recent investigation by our group 
using IL-12 transfected fibroblasts as a means to locally 
deliver IL-12 (20) provided additional results supporting 
the clinical use of IL-12 gene therapy. These and our 
present results demonstrate potent antitumor effects of 
IL-12 in murine models and serve as a rationale for both 
continued investigation into the basic immunobiology of 
IH 2 and as a basis for initiating phase I human trials of 
systemic IL-12 administration. 
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ABSTRACT Severe combined iminanodeflcteacy disease 
(SCTD) is a congenita) disorder of severe B- and T-tympbocyte 
dysfunction in which several pathogenic mechanisms have been 
identified. The present study describes a female child with 
SCID who had a primary defect in the ability of T cells to 
secrete interleukin 2 (IL-2). B- and T-ceD numbers were 
normal, but their functions were severely deficient Mitogen 
and antigen-driven rymphoprotiferauve responses were dimin- 
ished but were correctable in vitro with recombinant IL-2 
(rIL-2). The patient's phytobemaggratmin-stimtilated lympho- 
cytes expressed TL-2 receptors Dormally. Despite the presence 
of the gene for IL-2, the patient's ceQs were grossly deficient in 
messenger RNA for IL-2 and endogenous IL-2 production, 
Pokeweed mitogen-drtven B-ceU differentiation was decreased 
and was not corrected by the addition of normal T cells to the 
B cells. Two attempts at immune reconstitutioD by haploiden- 
tical bone marrow transplantation failed. Therapy with rIL-2 
(30,000 units/kg, given daily i.v.) resulted in marked dinkal 
improvement as well in improved T-ceU functions. The child, 
now 3 yr old, has been on rIL-2 therapy for 2 yr and receives 
rEL-2 (30,000 units/kg) three times weekly at home. This case 
study points to a new . direction In the treatment of such 
disorders with rIL-2. 



Severe combined immunodeficiency disease (SCED) is a 
congenital disorder of immune dysfunction involving the B- 
and T-cell systems. The condition is uniformly fatal if un- 
treated. The pathogenic mechanisms involved in the evolu- 
tion of the SCID syndromes are varied, the classical form 
being that of a "stem cell" defect (1). A multitude of other 
possible defects, usually linked to arrested T-cell differenti- 
ation (2-5), have been described to explain the pathogenesis 
of this disease. In this communication, we describe a female 
child with SCID whose disease could be attributed to a 
deficiency in synthesis and secretion of interleukin 2 (IL-2). 

The initiation of T-cell proliferation involves a cascade of 
biochemical events culminating in induction of IL-2 receptor 
(IL-2R) expression and endogenous IL-2 production (6-11). 
The T-lymphocyte antigen-receptor complex (CD3Ti) rec- 
ognizes processed antigen in association with major histo- 
compatibility complex II determinants on the antigen- 
presenting cell (12). This recognition is transduced into 
intracellular biochemical events that result in a biologic 
response. The inability to synthesize adequate amounts of 
IL-2 has been reported to cause several types of T-ceU 
dysfunction, including SCID (13-20). Successful treatment of 
SCID has thus far been possible only with bone marrow 
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transplantation (BMT). Thus, the trial reported here supports 
the view that SCID represents several different diseases and 
demonstrates the potential usefulness of recombinant IL-2 
(rIL-2) in the treatment of primary defects of T-cell function 
secondary to a deficiency of production of IL-2. 

MATERIALS AND METHODS 

Isolation of Lymphocytes. Mononuclear cells were isolated 
from heparinized peripheral blood of healthy volunteers or 
from the patient by . centrifugation on FicoJl/metrizoate 
(Lymphoprep; Nyegaard, Oslo) gradients and designated 
peripheral blood lymphocytes (PBLs). To isolate B and T 
cells, double resetting of PBLs with neuraminidase-treated 
sheep erythrocytes was performed as described (21). Ro- 
sette-forming cells were designated T cells; non-rosetting 
cells, depleted of adherent cells on plastic Petri dishes for 30 
min, were considered B cells. 

Pbenotypic Analysis of Lymphocytes. T and B lymphocytes 
and T-cell subsets were quantified in whole blood using 
monoclonal antibodies (mAbs) (Ortho-immune, Coulter clone, 
and Becton Dickinson reagents) by flow cytometry (22). 

Detection of IL-2R. PBLs of the patient and a healthy 
control were cultured with and without phytohemagglutinin 
(PHA, 20 Mg/ml) or concanavalin A (Con A, 8 /*g/ml) for 24- 
48 hr and expression of IL-2R was examined by flow cytom- 
etry using anti CD-25 mAb (Becton Dickinson). 

Lympbopronferative Responses. The functional capacity of 
the patient's PBLs was assessed by measuring their prolifer- 
ative responses to pnylomitogens — namely, PHA, Con A, and 
pokeweed mitogen (PWM) — or common antigens (23). In 
certain experiments, a number of agents that are known to 
activate T cells (mAbs anti-CD2, anti-CD28, and anti-CD3; 
phorbol esters; and ionomycin) were used alone or in combi- 
nation (24-30); rIL-2 was also used in an effort to augment 
responses. Responses were determined by measuring incor- 
poration of [ 3 H]thymidine or [ 14 C)thymidine (New England 
Nuclear). 

Assay for IL-2 Activity. PBLs (1 x 10 6 ) from the patient or 
a healthy control were cultured with or without PHA (20 
/tg/ml) or Con A (8 ME/ml) for 24-48 hr in culture medium 
with 10% fetal calf serum and 50 /iM 2-mercaptoethanol in 5% 
COj/95% air. Supernatants were removed, filtered, and 
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frozen at -20°C until used for IL-2 assays. IL-2 activity in the 
supernatant was assayed by quantifying proliferation of cells 
of a murine IL-2-dependent cell line (HT-2). HT-2 cells were 
cultured with test supernatants for 24 hr, and 1.0 mCi of 
[ 3 H)thymidine (1 Ci = 37 GBq) was added for the last 4 hr of 
culture. Cells were harvested to determine uptake of t 3 Hj- 
thyniidine as described by Gillis (31) and Azoqui et ai, (32). 

Generation of Ijnmax60gk>bulin Secreting Ceils (ISC) in Vitro. 
Cultures consisting of 5 x 10* PBLs in 0.1 ml of RPMI 1640 
medium supplemented with antibiotics and 15% fetal calf 
serum were set up in triplicate in round-bottomed mkrotiter 
plates (Costar). The cells were cultured for 7 days at 37°C in 
5% CC^/95% air in the presence or absence of the following 
stimuli: PWM, 10 /d/ml; heat-killed fonnalin-treated Staphy- 
lococcus aureus Cowan strain, 0.0015%; and Epstein-Barr 
virus (EpV>containing culture supernatants derived from an 
infected B95-3 marmoset cell line, 150 fil/ml, as described 
(33). At the end of the culture period, cells were washed and 
assayed for ISC by reverse hemolytic plaque assay using 
protein A-coated sheep erythrocytes as targets and rabbit 
anti-human immunoglobulin as a developing serum. 

Study Subject. Patient R.D. was bom by caesarean section 
in December 1985, to a 30-yr-old white female after a 37-wk 
gestation. Birth weight was 2300 g. At age 2 pio, the patient 
presented with a diarrheal illness. Immediately thereafter, 
she developed vesicular lesions on the head, shoulders, and 
back after exposure to a sibling with chicken pox. Because 
the vesicular lesions persisted, R.D. was treated with acy- 
clovir i.v. for 2 wk and recovered. Investigations to rule out 
immune deficiency showed a normal leukocyte count with no 
lymphopenia. Immunoglobulin levels in serum were low 
(IgG, 170mg/dl, n = 196-558; IgA, <1 mg/dl, n » 4-73; IgM, 
12 mg/dl, n — 27-101), and the patient failed to make 
adequate anti-varicella antibodies after onset of lesions char- 
acteristic of varicella. Although T- and B-cell numbers were 
normal, the patient had impaired B- and T-cell function in 
vitro. An enzymatic basis for immune deficiency was ruled 
out when adenosine deaminase ana purine nucleoside phos- 
phorylase were shown to be normal. A diagnosis of SCID was 
considered, and treatment with i.v. immunoglobulin was 
begun. The patient then developed Pneumocytosis carinii 
pneumonia, diagnosed by open lung biopsy, which was 
successfully treated with i.v. pentamidine after i.v. trimeth- 
oprim sulfamethoxazole failed to reverse the pulmonary dis- 
ease. S. aureus cultured from a pustular infection of the 
thoracotomy site responded to oral dicloxactllin therapy. At 
4 mo of age, the patient exhibited persistent thrush, which 
required continuous treatment with nystatin. She also exhib- 
ited failure to thrive, and at age 6 mo she was transferred to 
All Children* s Hospital (Saint Petersburg, FL) for efforts to 
achieve immune reconstitution. 

RESULTS 

Immunological Assessment. Phenotypic analysis of lym- 
phocytes. At age 6 mo, the patient had 84% CD3 + lympho- 
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cytes (T cells) and 9.8% CD20 + lymphocytes (B cells). 
Absolute numbers of T and B cells and the ratio of CD4* T 
cells to CD8 + cells (T4/T8 ratio) were normal. 

Lymphoproliferative responses and effect of exogenous 
IL-2. T-celJ function assessed by thymidine uptake showed 
depressed lymphoproliferative response to PHA at various 
concentrations, but responses to Con A and PWM were 
within normal range. Lymphoproliferative responses to com- 
mon antigens (Candida and tetanus) were markedly de- 
pressed (data not shown). Mixed lymphocyte culture (MLC) 
reactivity against three unrelated donors demonstrated 25% 
of the response seen with controls (data not shown). 

To determine whether a lack of 11^2 might account for the 
unresponsiveness of the patient's PBLs to mitogens or to 
allogeneic cells, PBLs from the patient and from a healthy 
control were cultured with optimal concentrations of PHA, 
Con A, and PWM in the presence of rIL-2. As shown in Table 
1, the patient's depressed responses to PHA were augmented 
by the addition of as little as lunit of exogenous rIL-2 perml. 
rIL-2 also enhanced the responses of patient cells in MLC 
reactions (data not shown). 

The functional defect in T-cell lymphoproliferation was 
further investigated by activating patient T cells with mAb 
directed against CD3 and CD2 receptors (24-30) and with a 
combination of phorbol 12-myristate 13-acetate (PMA) and 
ionomycin (30). Depressed lymphoproliferative responses to 
anu'-CD2 and anti-CD3 mAbs were augmented by the addi- 
tion of rIL-2 to the cultures. The patient's cells also prolif- 
erated when cultured with a combination of PMA and iono- 
mycin or with PMA and anti-CD2 mAb. 

induction ofIL-2R and IL-2 secretion. When the patient's 
PBLs were cultured with PHA or Con A , expression of 1L-2R 
increased from <1% to 12% and 20%, respectively. How- 
ever, the patient's cells failed to secrete IL-2 after stimulation 
with PHA or Con A (Fig. 1). In another set of experiments, 
the patient's cells secreted low amounts of IL-2 in response 
to a combination of PMA and ionomycin (data not shown). 

Analysis of ON A and mRNA for IL-2. Although the IL-2 
gene was normal in Southern blot analysis, induction of 
mRNA for IL-2 was absent, suggesting that the abnormality 
in IL-2 secretion was linked to a failure of IL-2 gene tran- 
scription (54, 35). 

In vitro studies of B-cell differentiation. The patient's B 
cells showed poor ISC response to three stimuli (PWM, EBV, 
and S. aureus Cowan strain) as compared to normal controls 
(data not shown). That the patient's B cells were intrinsically 
defective is suggested by the observation (Table 2) that 
purified patient B cel|s failed to respond to EBV or to PWM 
in the presence of normal T cells. Surprisingly, the patient's 
T cells could provide adequate help to normal B cells in their 
differentiation response to PWM. Exogenous IL-2 failed to 
significantly influence ISC response of patient or control 
PBLs to any stimuli (data not shown). 

Clinical Course and Treatment. Treatment with BMT. At 
age 6 mo, the child was hospitalized, isolated by laminar air 
flow, and given oral nonabsorbable antibiotics and total 



Table 1. Lymphoproliferative responses, IL-2R expression, and in vitro effect of rIL-2 

Patient Control 

Lymphoproliferative IL-2R Lymphoproliferative IL-2R 

responses expression responses expression 

Stimulus Cells Cells + IL-2 % positive CePs Cells + IL-2 % positive 

PHA 1735 38,547 12.0 21,041 25,603 32.6 

Con A 3989 23,579 20.8 4.710 8,753 38.1 

PWM 4978 5.171 ND 4,501 4,695 ND 

Medium 177 571 0.1 353 1,246 0.2 



Lymphoproliferative responses were measured by ! *C uptake (cpm). After patient or control PBLs were cultured with 
rIL-2 (Cetus; 1 unit/ml) for 40 hr, they were stained with ami-lL-2 receptor antibody (Becton Dickinson). ND, not done. 
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WLimON OF SUPERNATANT 



Fic. 1. PBLs (I x 10*) from patient R.D. and from a healthy 
control were stimulated with PHA (10 /ig/mJ) (•, patient; control) 
or Con A (a, patient; o, control) for 48 nr. As measured by 
[ 3 H]thymidinc uptake, the patient's cells Tailed (o secrete IL-2 in 
response to stimulation. 

parenteral nutrition. Since an HLA-identical MLC-nonreac- 
tive matched sibling donor was not available, an attempt was 
made to correct the patient's immunodeficiency disease by a 
T-depIeted bone marrow graft from a haploidentical paternal 
donor. BMT was done after extensive myeloablation with 
busulfan (4 mg»kg" l -day _1 for 4 days) and immunosuppres- 
sion with Cytoxan (cyclophosphamide) (50 mpkg -1 -day~ l for 
4 days). Initially the graft was accepted, but subsequently it 
failed or was rejected 50 days after BMT. A second T- 
cell-depleted BMT given as a booster 81 days later also was 
rejected. 

Treatment. rlL-2. Alter failure of the BMT, the Jong-term 
prognosis for this patient was very poor. Since studies had 
revealed normal expression of IL-2R but 'deficiencies of IL-2 
production by R.D/s T lymphocytes, a therapeutic trial was 
undertaken to administer rIL-2 in incremental doses (Fig. 2). 
Therapy_ began on day 339 of hospitalization, with 10,000 
units-kg '-day 1 of rIL-2 administered by continuous i.v. 
infusion over a period of 6 hr. After 2 wk, the dose was 
increased to 20,000 units'kg"may~ l for 7 days and then to 
30,000 units-kg" 4lay- l *i.v. for 2 wk. The child tolerated 
these infusions well. Dosage was then increased to 40,000 
units-kg-May" 1 i.v., to be infused over a 6-hr period. With 
the first infusion at this dose, the patient exhibited hyper- 

Table 2. Evidence for an intrinsi c B-ccU defect in patient R.D. 

ISC x l<r 3 per 10 6 
Culture cultured cell s 

PWM stimulation 

Patient B + patient T 7.5 

Patient B + patient T* 10.2 

Patient B + patient T 3.8 

Patient B + control T 13.4 

Control B + control T 71.8 

Control B + patient T 58.5 

Control B + patient T* 62.2 

Control B + patient T 38.2 

EBV stimulation 

Patient B 7.8 

Control B 47.5 

Purified B cells from patient R.D. foiled to respond to stimulation 
with EBV or PWM in the presence of either patient or control T ceDs, 
suggesting an intrinsic B-ccU defect. Additions of B and T cells were 
done at a 1 : 1 ratio; final ccD concentration, 5 x 10* cells per well. 
Background ISC counts of B or T cells cultured alone were <0.1. 
♦Irradiated T cells (2000 rads; 1 rad = 0.01 Gy). 



tension (blood pressure, 140/94 mmHg) and tachycardia 
(heart rate, 140-160 beats per min). The infusion was 
stopped, and blood pressure and pulse stabilized within 8 hr. 
When the same high, dose was administered the next day, a 
similar hemodynamic reaction occurred. This reaction was 
deemed a side effect of the rIL-2 therapy, and thus the dosage 
was reduced to. 30,000 units-kg" May - *. On day 441 of 
hospitalization, this dosage was reduced in frequency to three 
times weekly (Monday, Wednesday, and Friday) by i.v. 
infusion over a period of 1 nr. The patient tolerated this 
regimen well and was discharged from the hospital on day 
464. 

Effect of therapy on tymphoproljferative responses. Fig. 2 
shows the lymphoproliferative responses to PHA, Con A, 
and PWM during the course of BMT and subsequent IL-2 
therapy. On day 0 (date of hospitalization), the patient 
showed depressed proliferative responses to PHA but normal 
responses to Con A and PWM. The first BMT was done on 
day 159 of hospitalization; the second was done on day 240. 
After BMT, the lymphoproliferative responses to PHA, Con 
A, and PWM were extremely low from day 159 to day 339. 
When IL-2 therapy was begun, proliferative responses in- 
creased exponentially and became maximal at a dose of 
30,000 units/kg. After rlL-2 therapy was temporarily discon- 
tinued on day 397 for 3 wk, proliferative responses to PHA, 
Con A, and PWM decreased by >5096 within a week. When 
therapy was resumed on day 422, proliferative responses to 
Con A and PWM normalized, and PHA responses were 
frequently, but not always, within the normal range. 

Effect of therapy on lymphocyte phenotypes. Upon admis- 
sion (day 0) at age 6 mo, the patient bad norma] proportions 
and numbers of T (84.0%) and B (9i8%) cells. After BMT, 
from days 159-308 of hospitalization, the percentage of T 
cells became low, ranging from 4% to 20%, and the number 
of B cells increased, ranging from 3% to 54%. After initiation 
of rIL-2 therapy (day 339), the percentage of T cells gradually 
increased from 37.5% to 84.0%, and the proportion of B cells 
decreased from 34.0% tb 11.0%. These results indicate that 
in vivo rIL-2 therapy served to normalize the total numbers 
and proportions of T and B cells. 

Current clinical status. Since her discharge from the hos- 
pital in September 1987, the patient has been receiving rIL-2 
therapy at home at a dosage of 30,000 units/kg i.v. three times 
weekly via a broviac catheter. She remains free of serious 
infections and has not required hospitalization. At age 3 yr, 
she is just below the 50th percentile for height and weight. 

DISCUSSION 

In this study, we describe a patient with a primary defect in 
IL-2 secretion who has been managed successfully with rIL-2 
therapy. The clinical illness was compatible with a diagnosis 
of SCID featured by persistent thrush, recurrent infections, 
persistent viral infections, and opportunistic infection with P. 
carinii pneumonia. The patient had phenotypically normal T- 
and B-lymphocyte distribution, but studies on T-lymphocyte 
activation via lectins demonstrated defective lymphoprolif- 
erative responses to PHA and responses at the low part of the 
normal range to Con A and PWM. Defective lymphoprolif- 
erative responses to allogeneic cells, common antigens, and 
anti-CD3 and anti-CD2 mAbs were also observed. Exoge* 
nous IL-2 consistently augmented lymphoproliferative re- 
sponses to PHA, PMA, and anti-CD2 and anti-CD3 mAbs. 

In the case of resting T cells, macrophages and/or IL-2 are 
essential for the initial responsiveness of CD3Ti receptor 
triggering (CD3 pathway) and to phytomitogens (36), whereas 
IL-1 and/or monocytes are not required for activation of the 
T cells via the CD2 pathway (30, 37). In this patient, IL-1 or 
normal irradiated monocytes failed to reconstitute the pa- 
tient's low lymphoproliferative responses to phytomitogens 
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(data not shown). Furthermore, the patient' s irradiated 
monocytes could support the proliferative responses of nor- 
mal T cells, ruling out a primary defect of either monocyte- 
supportive function or IL-1 production. The observed en- 
hancement of lymphoproliferative responses with exogenous 
rIL-2 suggested that the abnormalities observed in this pa- 
tient might be linked to expression of IL-2R or to IL-2 
production. The patient's cells failed to secrete IL-2 after 
stimulation with different lectins, but the cells did secrete a 
minimal amount of IL-2 after combined stimulation with 
PMA and iopomycin. Analysis at the molecular level showed 
no mRNA for IL-2 in a sample from the patient after PHA 
stimulation, suggesting that this patient's deficient expres- 
sion of mRNA was linked to a failure to transcribe DNA that 
encoded secretion of IL-2 (T.C., E. Castigalli, R.P., R.A.G., 
and R.G., unpublished data). 

Recent work (38, 39) suggests that 11^2 production de- 
pends on two early activation signals that are initiated by 
T-ceU membrane perturbation: an increase in intracellular 
Ca + and activation of protein kinase C. The activation of 
CD3Ti receptors results in the cleavage of phosphatidylino- 
sitol 4,5-bisphospbate to inositol 1,4,5-trisphosphate (Ins/'j) 
and diacylglycerol. Ins/^ causes release of Ca*+ from intra- 
cellular stores, while diacylglycerol activates protein kinase 
C. These two signals then synergize to initiate transcription 
of the IL2 gene. Given that IL-2 mRNA was absent in our 
patient, it is possible that the patient's cellular defect may 
reside in inositol phospholipid metabolism leading to unre- 
sponsiveness of the T cells; such could be the case even 



though some T-cell activation events could occur— e.g., 
partial IL-2R and some degree of response to Con A and 
PWM (38, 39). Alternatively, T-cell proliferation in this 
patient may have been possible via an interieukin-indepen- 
dent pathway for lymphocyte activation (40). 

The patient described here also appears to have an intrinsic 
defect of the B lymphocytes, as demonstrated by a defect in 
the differentiation of B cells into ISC. This abnormality, 
which occurs commonly in patients with SCID, was not 
corrected by addition of normal T cells and/or by exposure 
of B cells to exogenous IL-2. It is interesting to note that the 
patient's T cells could provide adequate help to normal B 
cells. Since production of IL-2, IL-4, and IL-6 is indepen- 
dently regulated (41), and since each is important in B-cell 
differentiation and immune response, it may be that produc- 
tion of the latter two factors is intact in this patient. 

Recently, several patients with the SCID phenotype who 
have a defect in T-lymphocyte activation have been de- 
scribed. Such defects include the absence of IL-1 production 
(42) and defects of IL-2R expression and of IL-2 production 
(13-20). IL-2 receptors are expressed by activated T lym- 
phocytes, and the binding of this receptor to its ligand is 
required for T-cell proliferation. Our findings imply that 
defective IL-2 secretion also results in one form of the SCID 
phenotype, which as reported herein has several distinct 
features. Such patients may have norma] numbers of T and 
B cells based on surface markers and may manifest various 
degrees of deficiency in the T-cell activation pathways re- 
lated to CD2 and CD3 stimulation and diminished prolifera- 
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tive responses to mitogens and antigens, al) of which can be 
consistently augmented in vitro by rIL-2. In the patient 
described here, appropriately stimulated lymphocytes ex- 
pressed the 55-kDa chain of the IL-2R but did not secrete 
IL-2. It is not known whether the patient could express the 
75-kDa chain of the IL-2R, A likely defect in this patient's 
cells is a defect at the mRNA level, which is responsible for 
transcription of DNA that encodes IL-2 (T.C., E; Castigalli, 
R.P., R.A.G., and R.G., unpublished data). 

In efforts to treat patient R.D., two haploidentical BMTs 
were unsuccessful. It is possible that engraftment of IL- 
2-producing donor cells allowed residual recipient T lympho- 
cytes to proliferate and destroy the histoincompatible donor 
cells. With the failure of BMT, the long-term prognosis for 
this patient appeared very poor. At this point, treatment was 
initiated with rIL-2 (10,000 units/kg) given daily i.v. and was 
gradually increased to 30,000 units/kg i.v. This dosage of 
rIL-2 was well tolerated, as documented by clinical and 
laboratory analyses. The success of this new therapeutic 
approach underscores the need to establish the etiology of 
SCD0 in each affected patient and points to another direction 
for treatment by using rIL-2 for certain SCED patients. 

Human recombinant lh-2 was kindly provided as a gift from Cetus. 
This work was supported in part by National Institutes of Health 
Grants AG05628 and AI22360, Grant FT>R-O00358-01 from the 
Office of Orphan Products Development, Department of Health and 
Human Services and an educational fellowship grant from Culter 
Biological, a subsidiary of Miles Pharmaceutical. 
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Natural killer T cetis are a small but potent subset of reg- 
ulatory T cells highly conserved in bomani and mice (1). 
Human NKT cells comprise <0.1 %. of blood T cells and 
are characterized by a unique TCR made up of an invariant 
Va24Jal8 (Val4faI8 in mice) and a diverse V0U chain (2). 
hence the term iu variant NKT (iNKT) 3 cells. iNKT cells also ex- 
press the NX cell marker CD 161 (NK1.1 in mice); however, its 
expression varies with the activation status of the cell (1, 3). In 
btunaos only a small proportion ofCDW T cells are iNKT cells, 
whereas in mice of NK l-l* T cells are iNKT cells as iden- 

tified by CDld/o-galactorylcerainkte (oeGC) tctramer staining (1, 
4). Upon engagement of their ICR by tbe grycofipkj-presentmg 
MHC class 1-fikc oaolecole CD] d, iNKTcells are rapidly activated 
and secrete large amounts of Thl and Th2 cytosjnes (I). aGC, a 
marine sponge grycolipsd presented by CDld, potently activates 
iNKT cells in vitro as well as in vivo (1, 5). Activated iNKT-cells 
play a pivotal role in modulating all aspects of tbe innate and 
adaptive immune responses mainly through interactions with 
APCs (1). For example; in response to oGC, iNKT cells regulate 
Ag-spccific in vivo Thl ceU responses by increasing dendritic ceH 
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(1X7) expression of surface molecules important in Ag presentation 
sncb as HLA, CD 80, CD83. and CD86 (6, 7). NKT ceU activation 
often leads to mhartrcd responses against pathogens (e,g., viruses) 
and tumors and suppression of autoimmunity (reviewed in Refs. 1 , 
8, and 9). However, depending on the experimental context, NKT 
cell activation may also be associated with increased susceptibility 
to viral disease and loss of tumor mimanosurvcillance (reviewed in 
Kefs. 1, 8, and 9). 

AJJkirescriviry, one of tbe most powerful immune responses, is a 
Tbl ceo- and cyic&ine-med&ated response directed against dispar- 
ate major or minor histocompatibiiiry Ags. As hi other types of 
immune responses, it is liltefy that tbe magnitude and tbe quality of 
the allorcacti ve response ts modulated by nerworfes of regulatory T 
ccOs that may enhance or dampen the effects of cytokine and ceS 
aUorffrctors. Understanding tbese networks may offer a basis for 
. development of rational and novel therapeutic approaches for the 
control of tbe aDdrcsponsc in tbe corneal arena. 

Tbe role of iNKT cells in the modulation of aUoreactjvjry has 
been studied in murine models of acute graft- vs- host dkease 
(GVHD). Host iNKT ceils appear to protect from lethal enrte GVHD 
in systems invoMng myeloablative (10*12) as well as nonmyeloab- 
laove host preparation protocols (13-15). In addnioa bone maoow- 
derived donor NKT cells as irltnrincri by expression of NK1.1 (or 
CD161 in bnmans) mpprcss the aOoresponse (16, 17). 

Tbe modulatory effect of human NKT ceils, as they are defined 
by the expression of tbe invariant Vtf24Jal8 chain, in tbe allo- 
reactrve response has not been studied. In this stody, using MLR 
assays, we dissect the role of human iNKT cells, aGC, and CD Id 
in tbe modulation of the in vitro allojesponse. 

Materials and Methods 
CD3+ TccU selection 

Bufly costs from normal blood donors were supplied by dte North London 
Blood Trasfusion Service under Local "Research Ethics Coavniaec ep- 
provvL PBMC were obtained after layering over fiooU. Fm ^ebedon of 
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NKT CELLS ENHANCE THE ALLORE5POMSE 



CD3* orflt. the EarySep negative selection kit was used as pa- manufac- 
turer'* instructions (SuonCcIl Techno lopes) Purity of CD3* cells was 
olwsyr >90* (data not shown). 

flaw cytometry and flow sorting 

Cells were stained wilb mAte using standard protocols.! 18). Br the idcn- 
tificAlioti and flow sorting of iNKT ceils, selected cells woe stained 
wilb mAb against TCR Vo24 and V0H. With tins approach the vast ma- 
jority but not alt bona fide iNKT ccDs as defined by CDloVoOC tctrainer 
siaming are identified (IS, 19)* Therefore, depletion of iNKT ccJb uasnx 
TCR Vo24 and V0I 1 mAb* will remove most CDldVoGC tctxama-pos- 
itivc iN KT ce lls except a very small population of CDld/oCC tetramcr- 
positive TCR Vd24-otgativc iNKT colls ( 19). Tbe following mAbs wen 
used: mouse ami -human TCR Va24 and TCR V£l 1 ettber PTTC- or RPE- 
labeled, on bioUn-bbdDd (Serotec); mouse anti-human Wotin (Bc U j muj 
Coulter); CD69-FITC CD3-alk>phyoocyanin, IgGMTTC. lgGl-RPE» and 
IgGI-biettn (Carta* Laboratories); and CDi-PoCP* HLA-DR-allophyco- 
cyanin. and oeptiv^D-nllaprjycocyajun (BD Biosciences). Multicolor 



now cytometry was performed usms, a FAQ9C»1fbar t whereas flow sorting 
was pcrfniiuod using a FACSDav* (BD Biosoeijccs). Data analysis was 
performed with tbe CeOPro or FlowJo software. 



MLR and proliferation assay J 

For aD cmturcs, T cell uwfejra cormsling of RPMI 1640, 5% l»st- inacti- 
vated human soman su pplttntu ted with 14 of Lr^JuUnine and pemcO&n/ 
rtreptcniytij was used. For bflJL generaDy 30-30 X 10*CD3* cell* were 
placed in triplicates against autologous or allogeneic irracSited (3000 rad) 
PBMCu 9o-wcU pboesat rcspocder to tf a ti lUtn rflLS) ratios as indicated. 
For lon^tenn MLR, 30-30 X 10* CD3* onus were plated m 48-weU 
plates. l^JThymklixic was added at 1 uCu/weJJ for tbe last 16 b of tbe 
MLR. ProWcrailoa was measured using a liquid scintillation counter after 
harvesting with a cd] hanrattcz. Parallel culture* were set for cytokine 
release assays. b> indicated caperiinenis, oCC (100 Dgfaot) or its dilDcm 
vehicle (NsO 150 tnM/Twcen 90 .0.03%) wete added to tbe MLR. The 
fcJtowmg mAbs were used for Mocking MLR: am+CDId (done 4X1; BD 
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FIGURE L <*GC enhances alloreaxajviiy in an iNKT ecl Wepcndem manner, o. MLR <ra* performed un*« T odU fioxn respooder 86 a^amsi • panel 
of five stixnulatoss in the presence of vehicle or c»GC (too). In the presence of oGC. proHleration Increased by 48% (range, from 23 to 73%). Minima) 
reactivity waa observed in autologous MLR. In total, MLR of four rcsponden agstnsi five stimulators (each repeated twice) were tested and in all cases 
addition of oOC (bottom) had an crahancing eject on the aIloreactr«e respense (3? ± 12%; p. < 0.001). b, IFN-y production was increased in oGC-treatad 
allogenic compared with vcbjclMnuicd MLR but not to acAolofOU* MLR. No IL-4 prc«luction was detected under these conditions. Data arc represesuativc 
of four independent MLR. c. iNKT ceU-replete or ceB-depleied MLR were performed m tbe presence of vehicle or oGC. In iNKT trO dtplrirrj aJkvMLR. 
proliferation was eauslry reduced under both conditions, indicating that the enhancing effect of oGC on tbe aDorcxponse is iNKT celUhyendeni (CD3* 
triicaitM iNKT cen-replae MLR, and CD3*NKT' indicates iNKT cejl-depleied MLR). dE. Proliferation as determined by GPSE staimng (Rpner) and 
absorote nwnbers {midd Ir) of iNKT ccDs (as determined by flow cytometry and local cell count) in a 96-h MLR in tbe presence of oGC or Tcbicae. In 
parallel. proUfcrauon was measured by *H sxorparatioa (tow). Blots sre gated on iNKT cells identified by anti-TCR V«24 and VfiH stammg. iNKT 
cells proliferate more in tbe presence ©f oGQ nowevo, ibeir increase in absohoe numbers does not account for the 50% increase in nromeratlon observed 
in the presence of oOC Data are reptcsemadvc of two independent cjqpcrtmrnts and are presenifid as mean i SEM of triplicate assays. 
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Runningo}); ami-HLA cUsx II (dooc TU39; BO Pharnnngen); and IgGl 
isocype (BD ftosnningen) et indicated cxnoaatrattMu. 

CPSE (Molecular ftobes) training of CD S'* cells was pcsf oi ratd in FBS 
for 8 ata at mora tempeiatac using CFSE at 5 jiM wuh occasions) cnj*< 
tag. After washing vith an equal volume of PCS, nells were eHesuj very 
washed with rampku T ceD media 

£L££4 

Quantitation of IFN-? and IL-4 in the mpemaunu of the MLS wis per- 
formed with tbe QuantikzDe kil (R&D Systems). 

Statistical analysis 

The WilcoioD signed ranks lest was used to compare dsffovocet b pro- 
Itferanon between iNKT ceH-vqplete and ceD^depieted MLR and between 
aGC or ▼ehiclevcnutfttJ MLR. 

Results 

favariani NKT cell-dependent enhancement of MLR by aGC 

In in vivo murine models, treatment ol irradiated recipient mice 
with aGC induces host-derived, iNKT ceB-dependeni IL-4 secre- 
tion and protection from acute GVHD (IK 12). We tested tbe 
effect of aGC in human in vitro alloresponscs. For (bis purpose we 
performed 4-day MLR, using as responders purified negatively . 
selected T cells and as stimulators irradiitfed PBMC pulsed with 



aGC or vehicle. As shown in Fig. la. top. addition of aGC to tbe 
MLR of respondcr 86 against a panel or five stimulators caused a 
25-73% increase in proliferation. To role out nonspecific T cell 
activation flat may be induced by aGC (20). autologous MLR was 
performed in parallel with tbe allogeneic MLR. b tbe presence of 
either aGC or vehicle, minimal proliferation was observed in au- 
tologous as cojiiparcd with allogeneic MLR (Fig. \a r top), sug- 
gesting thus thai tbe enhancing effect of aGC in tbe allogeneic 
MLR is alloreactrve T cell-specific, in addition to respooder 86, we 
tested another three respond ex* against a panel of five stimulators 
and found that treatment or the MLR with aGC reunited in a 37 £ 
12% (p < 0.001) increase in proliferation as compared with MLR 
treated with vehicle only (Fig. la, bottom). Consistent with this; 
tFN-y production was also comparably increased in tbe MLR per- 
formed in tbe presence of aGC; no IL-4 was d rt ec t nd al 96 b (Fig. 
1 b) or at 4 and 24 b of tbe MLR (data not shown). Frntherniarc; tbe 
enhancing effect of aGC was iNKT cell-dependent, as upon iNKT 
'ceO depletion (see bdow) and in tbe presence of aGC, probfeia- 
tioo was equally affected as in iNKT cell-depleted MLR treated 
with vesicle (Bg. Ic), 

• To further elucidate the relative role of iNKT cells m tbe en- 
hancement of MLR by aGC, we correlated proliferation of iNKT 
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FIGURE Z- Expansion and activa- 
tion of iNKT ecus in long-terrn 
MLR. a. Three independent MLR 
were performed in the presence of 
aGC or vehicle without mngfnrati 
1L-2 nipplemenlitKm. Oh indicated 
time points the frequency as well as 
ihe activation of iNKT cdU was de- 
termined by flow cytometry after 
subiiag wilb atti-TCR Vo&4, V011, 
and CD69. At least 5 X 10* event* 
were collected for analysis. Tbe fre- 
quency of iNXT colts fn the MLR 
treated with vehicle (ftp, solid line) 
remained similar to bowline through- 
out the course of the MLR. In tbe 
presence of oGC (dashed line), (he 
frequency of iNKT cells on day 4 
ww similar to baseline; bowevex, it 
incre&aed by at least 10-fold by day 
8. The frequency of naturally acU- 
vaied iNKT cells progressively in- 
creases daring the course of the MLR 
{bottom). Greater activation of iNKT 
cell* U seen when cdls axe pharma- 
cologically activated by exogenous 
aGC o. lFN-y protection by iNKT 
ecu* and ius>iNKT T ocBs is MLR 
treated wfth aGC or vehicle an diy 8. 
oGC inducer more IFN-v production 
by total T cells as well as iNKT cells, 
bi addition, activation of oon-iNKT 
celts as aitmsrd by forward scatter 
characteristics is also higher in tbe 
presence of oGC Gates for INKT 
eens blots nave been set on TCR 
Vo24~V0I J * events. Gates for total 
CD3 cells for both bloU and bisto- 
grams cocfude iNKT cells. 
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cells (as assessed by CFSE labeling) and absolute count? (as de- 
termined by flow cytometry and total ceil count) with the prolif- 
eration of all T cells (as assessed by *H incorporation). CFSH 
staining showed (bat iNKT cells proliferated more in toe presence 
of aGC compared with vehicle (Pig. 1 d, upper). This proliferation 
corresponded to an absolute increase from a baseline of 300 iNKT 
cells on day 0 (corresponding to 2 X 10° plated total T cells) to 
450 and 690 cells 4 days later in the presence of vehicle end aGC, 
respectively (Fig. Id, middle). At the same time, tbe MLR reac- 
tivity of total T cells (5 x 10* responder T cc&s corresponding to 
-10-15 iNKT cells) mrrrasfd by almost 50% (cmraporxtmg to 
-10,000 coin) in tbe presence of oCC (Fig.. W. lower), li is very 
unlikely that this difference is the result of proliferation of tbe few 
NKT cells activated on day 4 by oGC; instead, it reflects tbe pro- 
liferation of the alloreactive T ceDs. 

Dynamics of iNKT cell activation in MLR 

M3C is a pharmacological agent and its effect on iNKT cell ex- 
pansion and activation may not reflect Use mechanisms of iNKT 
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cell activation by natural CD Id bgands. The dynamics of iNKT 
cell expansion and activation (as detennmed by tbe surface acti- 
vation marker CD69) m response to natural Ggands were moni- 
tored during the course of long-term Kfl-R (Fig, 2). to the present* 
of oGC tbe relative frequency of iNKT cells did not increase sig* 
ni6canlly on day 4, but U did increase by at least 1 0-fold by day 8 
(Fig. 2a, top). As well as proliferation, aGC also indnced increas- 
ing activation of iNKT cells over time (fig. 2a, bottom). The tadt 
of relative expansion of oGC- treated iNKT cells on day 4 aright be 
more apparent rather than real became upon aGC exposure, the 
TCR of iNKT cells is known to be initially down-regulated but 
re-expressed later (21, 22). In tbe presence of vehicle, the relative 
frequency of iNKT cells during the May MLR did not change 
significantly from baseline (Fig. 2a, tap). Despite the lack of sig- 
nificant proliferation, vcmchv treated iNKT cells were progres- 
sively activated between days 0, 4, and 8 of tbe MLR (Bg. 2o, 
bottom). iNKT ccJJi therefore arc activated during the course of the 
MLR in the absence of oCC, proumaMy by natural Bgands pre- 
sented to them by CDlcVcxpressmg APC, although they do not 
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FIGURE X iNKT ccU deletion attenuates to vjtro aJk*espcn*e. a, iNKT ail depiction aTCD3* T cells by now soring. Negnrvcry sclcctod CD3 all* 
wiih • ptfity of >90% (data net shown) were suined with uoli-TCR Va24 and V01 J mAbs. Using a FACSDtva flow sorter. TCR Va^ Vpi I * NKT 
ccUj were depleted fruroCDS* cell*. FVo- and portwrtinj analysis of » least 5 X 10* cvem3 reviaWthai iheprccoduiTa iNKT 
ccJJKkpkledCI>3* cells and ni^ily purified iNKT cells. In action. CD3~ iNKT ccD-repktr cells were rated on ibe basis of (heir physical characteristics 
(data not shown), b, iNKT ccH-rcpJeU MLR (indicated « CZXJ-f ) using T cells from reaponder <J9 against • pood of five stimoiators wai cxmawood wka 
iNKT celWrplettd MLR (indicated as CD3+NKT-) Ity). m total, MLR of four responden were tested a^iiast three to fi>e stixiMfatoni feacb panel 
repealed twice with similar result*), and m every ■ ■ ■^ ■■■it u to stimulator p»b\ iNKT cell dcplctioji a%ni&canriy dlnxnishcd the aJtoeactro response ranging 
from 36 to 83* (p < a 001; rigfa). Data ere precebjed as oxan * SEM of tripliostc assays, r. In accordance wan the prolifera tion 1F N-7 * ecrtficn 
«u comparably reduced in iNKT oej ^depleted MLR oompsxod with baseline No IL-4 was detected (nprcvniative of *e*en iiaa rpc i A i rt MLR). 
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proliferate significantly. On day 8 of the same series of MLR, we 
studied tPN-y production by iNKT cell* as well as total T cells. 
IFN-7 production was higher in iNKT cells treated with 6GC 
rattier than vehicle and, impoxtantly, EFN-7 production by total T 
cells was considerably higher in the presence of oGC (Fig. 2b). la 
addition, in the presence of aCC there was increased activation of 
noo-iNKT 'cells as determined by forward scatter characteristics 
(Fig. 2b) and CD69 expression (data not shown). These Codings 
provide further evidence that increased reactivity of MLR in the 
presence of oGC does not merely reflect activation of iNKT cells 
but is primarily due to activation of aUoreactive T cells. 

Role ofiNKTceBs in the ^absence of exogenous ligand 

The findings discussed above suggest that human iNKT cells are 
an integral pan of the in vitro alloresponse and are required for its 
efficient development This predicts that depletion of iNKT cells 
would attenuate the aUorcactrvity. To test this, we performed 4-day 
MLR using cither iNKT cell-replete or cell- depleted responder*. 
Rigorous iNKT ceD depletion of negatively selected T cells was - 
performed by staining with anti-TCR Va24 and V01 ] mAbs fol- 
lowed by flow sorting (Kg. 3o). iNKT ceU-replcte T cells were 
also How sorted on the basis of their physical characteristics. To 
rule out preactivatioo of INKT cells triggered by staining with the 
an&VTCR Va24 and V011 mAbs we established that engagement 
of the invariant TCR by the anu-TCR xnAbs during the sorting 
procedure did not have a mitogemc effect on iNKT cells and did 
not alter their Tbl/Th2 cytokine secretion balance (data not 
shown). When iNKT cells were depleted, the MLR reactivity of 
rcsponder 49 against a pane] of stimulators decreased by ~65% 
(Fig. 3fr, left). In an extemlrd panel in wmcb we tested another . 
three rcsponder* against three to five stimulators, the proliferation 
rate in iNKT cell- depleted compared witb iNKT ccU-replete MLR 
was reduced (by 38.8 :t 24%; p < 0.001) in every respondor to 
. stimulator pair (Fig. 3b, right). This suppressive effect was mir- 
rored by a comparable reduction of XFN-y secretion in the -super- 
nataots of the iNKT cell-depleted MLR compared with baseline 
(by 432 :£ 15,2%; n - 7; p < 0.001) (Hg. 3c), No IL-4 was 
detected The effect of iNKT cell depletion was observed in MLR 
performed with varying R'S ratios (Fig. 4a) and also m longitu- 
dinal MLR (Hg. 46)* finally, add-back of highly purified fresh 
iNKT cells to iNKT cell-depleted MLR restored proliferation dose 
to the levels of the baseline iNKT cell-replete MLR (Fig. 4c). 
These findings suggest that although iNKT cells arc not essential, 
they do contribute to the development of full MLR reactivity. 

me of CDld bt MLR 

CD1 d is (he restricting element of iNKT cells and is expressed on 
monocytes. B cells, and APC. We therefore tested the effect of 
anli-CDl d mAb on ibe MLR. Anti-CDld caused a dose-dependent 
inhibition of MLR as compared with Ig isotypic control (Fig. 5a) 
and anti-CD Id used at a fixed dose inhibited MLR at different R:S 
ratios (Pig. 56). In longitudinal MLR, T cell proliferation and ac- 
tivation as determined by CF5E and HLA-DR staining, respec- 
tively, were significantly and dynamically decreased in the pres- 
ence of ami -CD Id compared witb 4g isotypic control (Fig. 5c). 
Further, T cells stimulated in primary MLR in the presence of 
anti-CDld were less responsive in secondary MLR as compared 
witb T cells derived from primary MLR treated with isotypic Ig 
control (Fig. 5d), suggesting that CDld blocking may have ren- 
dered rcsponder T cells anergic. 

CD Id is required for the iNKT celi-mediated efect on MLR 

In principle, the effect of anti-CDld mAb on MLR might refteci 
either inhibition of an enhancing effect of NKT cells on the MLR 
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FIGURE 4. Dynamic* 0 f the alkxespcnxe inhibition by iNKT cdl de- 
pletion, a, iNKT cell dcplctioo reduces MLR reactivity «1 varying R3 
r*tios tod *t different time points and * fixed R£ nuo of 1:2 (&)- c, iNKT 
ceflj woe ex vivo purified by Bow sorting as shown to Fig. 3a and were 
used in an add-back MLR assay. Addition of 50 rcsponder INKT calls 
(corresponding roughly to the cumber of rcsponder iNKT cells in the 
iNKT celi-repku MLR} were added to iNKT cell-depleted MLR. MLR 
reactivity Increased by >50% and even further when 5- and 10-fold 
more iNKT eeRs were added beck. Eich result is representative of three 
independent MLR. 



or enhancement of an inhibitory effect. To discriminate between 
these two effects. MLR were performed using iNKT cell-replete or 
cell-depleted responders in the presence of anti-CDld, annVHLA 
class d. or Ig rsotypc (Hg. 6). As expected, the iNKT ccD-replete 
MLR was inhibited by anti-CDld and by anti-HLA class II mAbs 
either alone or in combination. iNKT ceD depletion resulted in 
reduction of proliferation but the presence of anti-CDld in the 
iNKT ceD -depleted MLR did not result in any further significant 
reduction of proliferation. These result* indicate that CDld is re- 
quired for the iNKT ceJI-oiediated eject on MLR. 
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FIGURE SL J^oTCDldiDlbeMLR.o.MLXwwe 
3d up st a IfcS ratio of 1:2 fn tbe picscncc of varying 
cGOccnmUoos of anti-CD] d or IgG. At an ani^CDld 
oonoemnttoo of as tow a* 5 pg/ral, MLR reactivity was 
significantly reduced t\ MLR performed in the presence 
of nnb-CDld 40 ugfa) wis ngruncnntJy uhibited d 
varying rVS ratios as compared with MLR treated wan 
aoMthmi only, c, MLR were performed in fte presence 
of ftnrt-CDld or IgG (40 fifi/irt each). Proliferation and 
activation as assessed by GF5E end HLA-DR aainxng, 
■erpectfvely, were monitored at different line point* fay 
Dow cytometry. Sifinificcna reductions in boib prolifer- 
ation end activation of T edit were observed over time 
in the presence of &ntj<X>] d as compared with anti-l^G. 
4, Proliferation wa* meaaired in primary 4-day MLR sol 
19 st a feS ratio of 1:2 and uuf ed with cither ami -CD Id 
or IgG iscrype (20 Mg/mf each). After 2 days of rert, 
equal numbers of T cells were placed m a te co u d iay 
MLS against the same stimulators at o R:S mio of 1 2 
bid without mAb. Companion of the primary whh the 
secondary MLR revealed thai CD J d treatment reduce* T 
cell proliferation in the secondary as well as the primary 
MLR. Each result is representative of three mfependeni 
MLR. 
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JMscussioni 

Invariant NttT cells are emerging as an important subset of in> 
muiKuegulaiory cells. Unlike tbc exclusively suppresnve unmu- 
romodulauon mediated by tbe CD4*CD23* subset of T cells 
(23). they rather enhance or inhibit an Ag-specific immune re- 
sponse through direct interaction with APC (3). This is the first 
report dissecting the role of human iNKT cells (as defined by the 
compression of the TCR Vot24 and V0I1 chains), CDld (the re- 
stricting clement of iNKT cells), and oGC (toe iNKT eel) Hgaod) 
in the aUoresponse. Our results suggest thai the iNKT ccll/CDld 
axis positively regulates tbe alloresponse in hmnans. This idea is 
consistent with an earlier report docmneoting the ability of human 
iNKT eel) clones to drive maturation of DC that can subsequently 
support efficient allareactive responses (24). It b also consistent 
with studies showing that like the alloresponse, other TbI re- 
sponses against a variety of pathogens (far example, CTL re* 
sponses against viruses) can rfinrrinich in the absence of iNKT cells 
or CDld (25, 26). Conversely, in the presence of oGC, Tbl innate 
and adaptive immune responses are considerably enhanced in an 
iNKT cell- and CD Id-dependent manner (6, 7). 

Our data contrast with a number of in vivo studies in which 
iNKT cells appear to inhibit rather than enhance the alloresponse. 
In marine models of acute GVHD involving myeloablativc irradi- 
ation of the host, animals that receive oGC injections at the time 
of irradiation are protected from acute GVHD (10-12). This pro- 
tective effect of oGC requires the presence of host iNKT cells and 
CDld and is mediated by IL-4 secreted by host cells (30, 1 1). In 
our studies, in an attempt to mimic tbis in vivo set up, the stimu- 
lators (PBMQ of the MLR were irradiated and pulsed with oGC. 



However, we consistently observed increased reactivity of the 
MLR both in terms of pTohTeration and {FN-7 secretion, an effect 
thai was iNKT cell-depcndenL CruciaDy, no Us-4 was detected at 
any lime point tested during a 4-day MLR. This is in line with the 
observation that adnuiristratioo of aGC-loaded DC to normal hu- 
man subjects is associated with increased IFN-y and IL-12 but 
decreased IL-4 levels in (be serum (27). 

A second group of studies have reported that protection from 
lethal acute GVHD in the context of e nonmyeto ablative, toler- 
ance-inducing regimen is associated with persistence of CDlcV 
oGC tetramer-positive host iNKT cells (1 3. 14). Similarly, donor- 
derived ,NKT cells (identifled as NKl.l"" T cells mC57BL/6and 
OX5+ cells in BALB/c once) protect from lethal acute GVHD 
after their adoptive rxansfer to a ktbalry irrediated host (16, 28). 
IL-4 and 1L10 seem to be the cytokine memators of these effects 
(16, 28). However, NK1.I * cells were not implicated as being (be 
regulatory T cells that protect from acute <5VHD following donor 
lymphocyte infusion (29, 30). 

By perforating MLR in the presence and absence of human 
peripheral blood iNKT cells, we established the importance of rev 
sponder iNKT cells in enhancing the in vitro alloresponse in steady 
state and without exogenous pharmacological activation. Tbis ef- 
fect was documented by the specific decrease in proliferation and 
IFN-y production in iNKT ceB-depleted MLR and by restoration 
of these parameters upon adding back highly purified fresh iNKT 
cells. Furthermore, the effect of iNKT cells on the alloresponse 
"was clearly CD Id-dependent, wterestmgjy, the degree of inhibi- 
tion of the MLR upon iNKT cell depletion was remarkably uni- 
form for a given responder tested against a panel of stimulators bat 
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CD3+ CD3+NKT- 

FIGURE 6* CDld is required far the INKT crJJ-axdS«cd eSect oo 
MLR. iNKT ceD-rcpkie and ctlWfcpleud MLR wot xdvp 'mQx presence 
of IgG, orii-CDR snti-KLA class II (at 20 «/mJ each), or a corrftbuticm 
of anti-CDid sod auti-HLA. Reactivity, u expected, was ratified n (be 
absence of iNKT otlb. AmKDJd and anti-HLA das II trtatart of 
iNKT ccTj-reptctt MLR inhibited reactivity by 48 and 57%, respectively. 
Treatment <rf the iNKT eeU-depleted MLR wiA aoi-CDJd did not hive 
any significant effect compared with IgC treatment (12% uuuoirJo&X 
whereas anti-HLA das II blocking, as to (he INKT ceU-rtpkto MLR, 
rtaruhtd m o significant (60%) redaction of proliferation. Data are 
senudive of three irtdepcsdcnl MI Ji- 



lt varied between responders (fig. 3a, right). This could reflect the 
variable numbers of TCR Vo24 iNKT ceDs that wen not removed 
by our iNKT ccD depletion strategy (see Materials and Methods). 

It is oot dear why iNKT cells have an enhancing effect in tbe 
human in vitro aUoresponsc aod tbe opposite effect in the murine 
in vivo aUoresponse. It is possible that because only 50-70% or 
miiiine bone manow and spkeoNKl.J* Tc«D$ are iNKT ceDi.afl 
defined by CDld/dGC tetnuner training \A), NK1.1 marks two 
groups of CDld-renricted subsets of regulatory T cells. A subset 
of cells ttat may c* may not express NK 1.1 but axe stained with tbe 
. CDld/oGC tetramer (iNKTcclls) and a subset of cells that always 
express NK1.) but are not stained with tbe CDloVaGC tetramer 
(non-jNKT cells). In support of this. Ex Icy et al (17) have reported 
that human CD161* T cells, like their murine NKM* counter- 
parts, are enriched in bone morrow, secrete IL-4, and suppress the 
MLR (17). However, these CD161* Tcell ones wpe devoid of 
iNKT cells. Indeed, only 2 of 12 lines contained any measurable 
nambers of TCR Vo24 * V01 1* NKT cells (17). 

The cell and cytokine networks responsible for the entnoctng 
.effect of iNKT cells in tbe course of an Ag-spccjfic immune re- 
sponse have been studied in in vivo models of microbial infections 
(31-33). Initial activation of iNKT cells requires a CD Id-depen- 
dent ceB contact with the APC (1). This leads to increased tFN- 7 
production by iNKT cells, which in turn enhances tbe Ag-prcsent- 
ing capability of AFC. This positive feedback bop of iNKT cell 
and DC activation is dependent on DC- and pathogco-derived li- 
gands structurally resembling aCC (31-33). Our data support the 
e x i s t mre of a similar network steering the enhancing effect of 
iNKT cells in (be context of the human aDorespouse in which 
iNKT cells can be activated by both exogenous and natural li- 
gands. The structure of the natural ligands driving activation of 
iNKT cells in the context of tbe alJoiesponse remains to be 
determined. 

Because of their flexible urarmnomodulalory role, iNKT cells 
hold promise for manipulation and therapeutic use in cfinic mclucV 
xng modulation of acute GVHD. It is not clear whether addition or 



depletion or activation 01 Deactivation of iNKT cells would be 
beneficial: in vivo murine studies would favor adoptive transfer of 
iNKT cells (13, M) or treatment of the host with oGC <U). 
whereas human in vitro studies (24 and this work) would favor 
iNKT ceO depletion of donor T cells. Studies of the actuaries of 
iNKT cell activation in the setting of human acute GVHD will be 
beneficial to unckjstancfing more on the role of iNKT cells in vivo 
and how to exploit them for therapy. 

Id eonclusion, we have shown thai INKT cells are naturally 
activated during tbe course of in vitro human allcreactiviry in a 
CD Id-dependent manner and although oot -essential they contrib- 
ute to the mounting of an efficient aJtoesponse. 
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